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A STUDY OF THE RAT’S BEHAVIOR IN A FIELD 
A CONTRIBUTION TO METHOD IN 
COMPARATIVE PSYCHOLOGY* 


BY 

CALVIN' HALL A.ND E. L. BALLACHEY 


INTRODUCTION 

Comparative psychology in its reaction against the anecdotal 
dilettantism of the post-evolutionary period has become increas¬ 
ingly insistent upon a quantitative record of performance. 
Quantification has meant, in large part, a disavowal of (he study 
of that most important psychological datum--the behavior of 
the animal. The rat in the maze or the discrimination box or the 
delayed reaction chamber, for example, is limited by the physical 
set-up to but few response. These responses are then described 
by time and error records. Such methods of experimentation 
and recording, although lending themselves to easy numerical 
expression, represent but meagerly the rat’s actual total 
behavior. 

We shall present, in this article observations of the rat’s 
behavior in an open field situation under experimental condi¬ 
tions. It is suggested that, by this method one may observe the 
behavior of the rat under less teleological conditions than arc 
imposed by the usual type of apparatus. By a teleological con¬ 
dition, we mean one in which the rat is forced to behave accord¬ 
ing to the purposes of the experimenter. We believe that the 
study of field behavior minimizes the experimenter's purposeful 
intentions as to how the animal should respond and at the same 
time makes possible the observation and recording of the rat’s 
true ambulatory behavior under experimental conditions. 

* We are indebted to Pro tensor K. <!. Telman for generous counsel during 
the writing of thin article. 
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The impetus toward the devising of the field method came 
from the writings of Lewin, (3 » 4) In fact the use of a field for 
observing rats is but an adoption of Lewin’s method for studying 
children. We were also stimulated by the writings of D. K. 
Adams (1) and J. A. Gengerelli, (2) both of whom have expressed 
a dissatisfaction with prevailing methods in comparative psy¬ 
chology. Their viewpoints required a new method of studying 
behavior and this we here endeavor to supply. 

The first experiment in which we used the field method and 
the only one we shall here present was a direct repetition of one 
of Lewin’s experiments on young children. At the Ninth Inter¬ 
national Congress of Psychology, he reported the behavior of a 
child a year and one-half old, when confronted by a circular 
barrier which enclosed a desired object. The child reacted by 
running around the barrier in a circular fashion. Lewin inter¬ 
preted this to mean that the direction of behavior would always 
be perpendicular to the forces (Krafte) emanating from the 
desired object, and as close to the object as was physically pos¬ 
sible. That the child did not describe circles in his running 
simply because of the circularity of the barrier was demon¬ 
strated by another experiment in which the child was placed 
inside the barrier and the object lay outside. The child then 
concentrated his activity on that sector of the barrier in the 
direction of which lay the object. 

APPARATUS AND METHOD 

The floor plan of the set-up used in this study is reproduced 
in figure 1. The field was seven feet square and was enclosed 
by a three-foot wall. 1 In order to enable the experimenter to 
record the movements of the rat, the field was marked off into 
foot squares. Over the center of the enclosure hung a 100-watt 
lamp, lighting the field uniformly. The experiment was con¬ 
ducted in a sound-proof room. 

1 The size of the field can he altered to meet the needs of a particular 
experiment. The essential principle of the field is that the animal is pro¬ 
vided with an open space in which to behave. 
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A circular covered barrier constructed of wire mesh, one 
foot in diameter and eighteen indies in height was placed in 
Square 25 (fig. 1). For Group A, a tin of Steenbock mash was 
placed in the center of the square enclosed by the barrier. For 
Group B, the barrier alone was in the field. After c-ftch day s 
run, the’floor of the field was brushed in order to. control 

tracking. 
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The rats were introduced into the field at Square 43 with 
their heads pointed hack toward the corner. Five-mi nute sain** 
pies of behavior wen‘ taken. One experimenter recorded the 
path of the- animal and made behavior notes; the other took 
active and passive times. The experimenters were seated next; 
to the wall of the field at Squares 43 and 41) (tig. 1), a distance 
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well beyond the visual capacity of. the rat. An attempt was 
made to eliminate all possible distractions while the rat was in 
the field. 

The rats were twenty-four hours without food when run. 
The time of running remained constant throughout the experi¬ 
ment; one five-minute sample of behavior was taken each night 
for each rat. One hour after running, the rats were fed twenty 
grams of wet Steenbock mash in their home cages. 

ANIMALS 

The animals used in this experiment were female albino rats 
from the colony maintained by the Psychological Laboratory, 
University of California. They were approximately sixty days 
old when experimentation was started. The rats had had no 
previous training of any sort in such a field. 

RESULTS 

Group A Pood Within the Barrier 

For purposes of analysis we divided the field into three zones. 
Those squares which adjoin the four outer walls constitute the 
outer zone; those enclosing the inner barrier the inner zone; and 
those which lie between the outer and inner zones the middle 
zone. Analysis was made in terms of the number of squares in 
each zone which the rat traversed in successive trials. 

The percentages of squares in the three zones traversed by 
each rat in Group A on successive trials are presented in table 1. 
It will be seen that the behavior in the inner zone increased for 
several days to a maximum; then decreased slightly and remained 
more or less constant. After the first six or seven trials an equal 
number of inner and outer zone squares were traversed. These 
percentages reveal two loci of behavior in the field—the outer 
walls and the inner barrier. The middle zone is traversed only 
when the rat is running to the inner barrier or to the walls. 
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But the percentages shewn in table 1 do not fully represent 
the fat’s behavior in the field. When the rat is in the outer 
zone he runs very close to the walls; when he is in the inner 
zone he circles the barrier. It is impossible to reproduce the 
paths taken by all the rats from trial to trial. Figures 2, 3, and 
4 show three paths of a single rat at different stages of experi¬ 
mentation. The concentric circles should really be thought of 


TABLE 1 

Percentage of Squares Traversed in Each Zone 
(Group A. Food within Barrier) 


Trial O M 

1 100 00 
2 100 00 

3 86 06 

4 80 07 

5 80 04 

6 47 06 

7 80 07 

8 100 00 

• 9 77 08 

10 74 11 

11 55 19 

12 63 15 

13 52 13 


O M I O M 


00 97 

00 51 

08 36 

13 31 

16 36 

47 38 

13 43 

00 52 

15 53 

15 44 

26 49 
22 58 

36 48 


03 00 81 

09 40 70 

19 45 29 

16 53 34 

16 48 45 

17 45 45 

20 37 41 

19 29 38 

14 32 40 

13 43 52 

13 38 42 

19 23 45 

19 33 41 


19 00 

10 20 
11 60 
13 53 

16 39 

19 36 

17 41 

29 33 

18 42 

20 28 

19 40 
09 46 


80 20 
46 13 ! 

52 12 

42 21 

29 20 

52 14 

43 16 

37 25 

36 22 

51 17 

45 17 

i 46 19 


00 49 

41 49 

36 27 

37 41 

51 42 

34 39 

41 55 

39 48 

41 49 

32 49 

38 39 

35 44 


21 38 50 20 30 48 


11 40 

12 39 

21 52 

17 41 

15 43 

18 43 

13 33 

16 35 

15 36 

14 37 
21 40 

17 39 

21 31 


0=outer zone; M=middle zone; I—inner zone. 


as circular paths immediately around the barrier. Figure 2 rep¬ 
resents the path on the second trial when behavior is largely 
confined to the outer walls. Figure 3 shows the rat’s path when 
circling the barrier has reached a maximum. Figure 4 portrays 
the rat’s behavior when it has reached approximate constancy. 

The activity of the rats from trial to trial as measured by the 
number of squares traversed during the five minutes is shown 
in table 2. On the average, the rats reach a maximum of activity 
on the third day and thenceforth become less active. This first 
sharp rise in activity is directly correlated with the increase in 
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behavior within the inner zone. We shall see later when com¬ 
paring these data with those got from Group B, which was run 
with no food in the field, that this increased activity is a function 
of the food within the ban ier. 

That continuous circling of the barrier is a characteristic of 
the behavior of the five rats during the first trials is still more 



B'lg. 3. Putin of Hat A7 trn the fourth trial. 


strikingly brought out by the data jirosented in table 4. r I hose 
figures represent the greatest number ot inner z.one squares 
traversed continuously on each trial by each rat. That is, the 
number of squares traversed between eaeh entrance into and each 
departure from the inner zone was counted. The largest number 
thus traversed in a given trial by a given rat was taken to make 
up table It For example, rat 10 on day 2 entered the inner zone 
and traversed thirty-six squares before leaving thi« zone, lie 
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TABLE 3 

Greatest Number of Inner Zone Squares Traversed Continuously 


(Group A) 




Fig. 4. Path of Eat A 7 on the eighth trial. 
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made other excursions into the inner zone on this day, but never 
did he stay long enough to traverse more than thirty-six squares. 
The maximum for the five rats averaged is on the second and 
third days These data suggest what our path records demon¬ 
strate very clearly-that the rat’s behavior at first was marked 
by continuous running around the walls and then by continuous 
running around the barrier and that later he alternated more 
sporadically between the two loci. 

Groxii* B. No Food Within the Bahuiek 

In order to determine whether or not the behavior of the rats 
in Group A was determined by the food enclosed by the barrier 
a control group was run. Group B was run under exactly the 
same conditions as Group A except that food was not present 
within the barrier. 

TABLK .1 

l'EltORNTAUK OF HqUAKKM TRAVKKHKU IN KacII ZONK 
((troup H, No Komi within Harrier) 
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between the behavior of the rats in tbe two groups is at once 
apparent. The percentage of inner zone squares traversed by 
the rats in Group B did not exceed 29 per cent. It. will be 
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remembered that the percentages of inner zone squares traversed 
by the rats in Group A was markedly greater. In A 7 the maxi¬ 
mum percentage was 60; in rats A 6, A 8, and A10 it exceeded 
50 per cent. 

TABLE 5 


Greatest Number of Inner Zone Squares Traversed Continuously 


(Group B) 


Trial 

17 

18 

19 

20 

21 

Aver. 

1. 

0 

5 

1 

0 

0 

1 

2. 

2 

14 

8 

0 

0 

5 

3. 

4 

5 

7 

0 

! 0 

3 

4. 

8 

6 

6 

0 

0 

4 

5... 

6 

13 

9 

0 

0 

6 

6. 

11 

7 

5 

0 

0 

5 

7. 

15 

9 

0 

0 

0 

5 


TABLE 6 

Total Number of Squares Entered 


(Group B) 


Trial 

17 

18 

19 

20 

21 

Aver. 

1. 

93 

70 

97 

66 

m 

76 

2. 

99 

107 

69 

24 

1 

60 

3. 

107 

127 

67 

41 

29 

74 

4. 

124 

134 

102 

27 

68 

91 

5. 

109 

153 

54 

l 

17 

67 

6. 

119 

88 

52 

41 

1 

60 

7. 

134 

133 

3 

29 

1 

60 


Nor did the rats in Group B manifest continuous encircling- 
the-barrier behavior to any degree as may be seen by consulting 
table 5. 2 *We may conclude, therefore, that the determiner of 


2 That the difference between the two groups is a reliable one and not 
dependent upon a sampling error can be ascertained by computing the 
standard deviation of the difference. The second and third trials when con¬ 
tinuous circling behavior is at a maximum for Group A were averaged and 
compared with the second and third trials averaged for Group B. The 
difference is 18.6 it 5.6. Such a difference could have occurred by chance 
3 times in 100. (The formulae used in this analysis are suitable for small 
numbers of cases. They were taken from M. Ezekial 7 s Method'$ of Corre¬ 
lational Analysis, pp. 19-20.) 
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continuous inner zone behavior is the food enclosed by the 
barrier. 

In table 6 are shown the total numbers of squares entered 
in successive trials by the rats in Group B. That their activity 
is approximately the same on the. first trial as that for Group A 
is one indication that the two groups are more or less comparable. 
The marked difference between the two groups from the second 
trial on indicates that the presence of food in the field exerts a 
dynamogenic effect upon behavior, increasing significantly the 
activity of the rats. 


CONCLUSION 

That the rats circled the barrier ami that this was the effect 
of the presence of food within the barrier verifies Lewin’s obser¬ 
vations on children. We are not prepared at, this time, however, 
to interpret our results in terms of the concepts of Lewin nor 
to summarize our data, using any other conceptual explanation. 
A further series of experiments using more animals are in 
progress to determine whether this behavior depends upon the 
circularity of the harrier or upon those principles which Lewin 
invokes to explain the child’s behavior. We shall run (1) a 
satiated group with food in the field ; (2) a group placed within 
the barrier with food at various positions outside; (3) rats who 
have been fed under the barrier and are then introduced into 
the field with food within the barrier; and (4) a group fed in 
the center square, and then placed in the field with the food 
enclosed by the barrier. 

But the contribution which we wish to make in this article 
is not that of substantiating nor of controverting Lewin. It 
is rather a contribution to methodology; and for purposes of 
illustration we have merely selected this particular experiment. 
The advantages of the field method can best be emphasized by 
contrasting its possibilities with those of the maze. 

I. The field method permits the study of the natural direction 
of behavior since it can manifest; itself under relatively uncon- 
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foed conditions. In the maze, the rat’s behavior is artificially 
directed by the physical structure of the apparatus. 

2. The field method permits more radical changes in the 
environment than do other techniques. The maze must remain 

P ysi y a maze but the number of changes which can be made 
m the field is unlimited. 

3. The rat’s behavior can be studied over a continuous tem¬ 
poral period. The maze, on the other hand, constitutes a prob¬ 
lem or task for the animal and has a fixed beginning and ending. 

4. The field method makes possible the use of situations in 
which learning can be manifested rapidly. “Learning usually 
and always under the conditions customarily established in 
experiments on the subject (i.e., puzzle boxes, nonsense syllables 
and particularly mazes) oeeurs too slowly for its real nature 
to be evident.” (1, p. 161.) 

5. The field method permits the study of the relative attrac¬ 
tiveness of various objects. The maze can be used only rather 
ciumsuy for such investigations. 

6. The field method, finally, is the most satisfactory method 
for studying what may be considered perhaps the most funda¬ 
mental determiner of behavior, viz., the needs of the organism 
and the effect of these needs on the direction of activity. 
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FIXATION IN THE EAT 


BY 

I. KRECHEVSKY AND 0. H. HONZIK 


INTRODUCTION 

Selective frequency as an. initiating cause in trial and error 
learning has been disproved by the experiments of Peter¬ 
son/ 10 ’ “■ 121 Thorndike/ 131 and others. 1 Excess frequency of the 
“correct” response at the expense of the “incorrect can no 
longer be held as one of the determiners of ordinary trial and 
error learning. 

Further, it has now also been demonstrated by such experi¬ 
ments as those of Higginson/ 61 Hsiao/ 71 Tolman and Honzik/ 151 
Gengerelli/ 81 Kohler/ 81 Hertz/ B) and Maier 091 that in such 
ordinary learning the learned response is still relatively insight¬ 
ful,” “intelligent,” and “plastic” in the sense that, if a change 
be introduced into the objective situation such that this learned 
response is no longer “correct,” the latter rapidly gives way 
to some new and more appropriate response. 

In a word, frequency does not initiate the ordinary learned 
response nor does it prevent the latter from giving way rapidly 
to other more appropriate responses. Tolman 0141 has suggested 
the term “docile” for behavior which is the product of ordinary 
learning and which is ready to give way rapidly to other behavior 
if the latter becomes more appropriate. 

And Tolman 0141 has suggested the term “fixated” for a second 
type of behavior—viz., a behavior which does not give way 
rapidly to another more appropriate behavior when the environ¬ 
mental conditions are changed, and he points to the results of 
Gilhousen 021 as perhaps the first experimentally to have isolated 

1 For a brief resume of all sueh experiments see Tolman/ 14 ) Chap. XXII. 
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such “fixated” behavior in. rats. More recently Hamilton and 
Ellis <4) have also experimentally demonstrated a ease of such 
“fixated behavior” in rats with cortical lesions. They have sug¬ 
gested the term “behavior constancy” for the properties of such 
fixated behavior. 

What are the causes of such fixation or behavior constancy! 
The ordinary learned act is extremely docile (witness: the experi¬ 
ments of Higginson, Hsiao, Tolman and Honzik, Gengerelli, 
Kohler, Hertz, and Maier already referred to) in the sense of 
being potentially changeable when the situation is changed. But 
here are other “learned” acts which do not have this character. 
Hamilton and Ellis conclude from their experiments that the 
tendency toward such fixated acts is strengthened by a lesion in 
the central nervous system. The possibility has suggested itself 
to the present writers, however, that a response which was orig¬ 
inally docile may become by excessive frequency no longer docile 
but fixated* If that be so, frequency, far from being unimpor¬ 
tant in explaining learning, begins to play again an extremely 
important role. 

The purpose of this investigation, more specifically stated, 
was to determine the effects of three degrees of frequency upon 
the plasticity of a learned and originally docile response. 

APPARATUS AND METHOD 

Apparatus. —De Camp, a) Yoshioka, <17) and others have 
shown that the white rat is able to discriminate between a long 
and a short pathway to food and will prefer the shorter. Inas- 
much as such a set-up does not force the animal to adopt the 
“correct” solution (since he receives food even if he persists 
in always choosing the long path) the preference for the short 
path indicates a cognitive appreciation of the problem (i.e., is 
“docile” relative to the respective lengths of the two paths). 

* We take advantage of the page proof to point out that thin same rela¬ 
tionship between frequency and fixation had been previously suggested by 
Gilhousen, who is now attacking the problem with a different experimental 
set-up (private communication). 
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"With this assumption as the starting point the apparatus 
shown in figures 1 and 2 was used. These figures present dia¬ 
grammatic views of the apparatus as it appeared in the two 
different experimental set-ups used. The animal was permitted 
to leave his starting box at “ S” and enter alley 1, which was a 
straightaway. C u C 2 , G s , and are black curtains which were 
suspended from the tops of the maze in such a manner as to 
prevent the animal from seeing beyond the curtain. 

During the experimental runs proper there were no doors or 
blocks of any kind in the apparatus. When the animal reached 
the first choice point (“P”) he was allowed to turn either to 
the left and reach the food in box F h or continue straight ahead 
and then turn to food box Fs (set-up I, called hereafter position 
I. For position II the reverse situation held, as can be seen from 
figure 2). 2 

It will be seen that in both positions the animal is given an 
opportunity to take either a short or long path to the food. In 
position I the path from P to F s is but half as long as from P 
to F L . In position II the shorter path (P to F s ) is but one- 
eighth as long as the longer path (P to F h ) , 3 These differences 
between the length of the short and long paths in both situations 
are well above the threshold as established by both De Camp and 
Yoshioka. 

Animals. —In all, the records of 40 female rats are presented. 
Nine of these were pigmented animals and 31 albinos. Of these 
40, 30 were selected to make up the three experimental groups 
used. The basis of selection and the reasons therefor will be 
given presently. 

Preliminary training .—All three groups received the same 
preliminary training. The “preliminary” period was divided 
into (1) an “habituation” period and (2) a “pre-test” period. 
The purpose of the first of these periods was to habituate the 
animals to the apparatus and to eliminate, as far as possible, all 

2 A curtain was placed at C z in order to equate the two choice points P 
and F 1 as nearly as possible. 

a Further dimensions are given in the figures. 








Pigs. 1 and 2. Maze Pattern, 

Legend: S = Starting point 
M = End of maze 
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interfering emotional bebanior. During tlna iwrio.1 the «»"»«'» 
Cnm throngh 8 tnughtaw».VK without elbow». aeeortlu.g to the 

schedule given, in table 1. 

TABLE 1 

ScHKDtJUB FOK HABITUATION PkHIOO 


5 runs in 36-inch straightaway 

5 runs in 36-inch straightaway 

6 runs in 36-inch straightaway 
6 runs in 36-inch straightaway 
6 runs in 36-inch straightaway 

6 runs in long path of masse, with curtains 
6 runs in long path of masse, with curtains 
6 runs in short path of masec, with curtains 
6 runs in short path of masse, with curtains 


Immediately after completing these habituation runs the 
animals were started on their pre-test training. Tins consisted 
of “forced” runs through the apparatus in set-up I (fig. 1). By 
“forced” run is meant a run where the animal was not allowed 
to make a choice at point P. He found a block behind either 
curtain C l or C 2 so that 1m was forced to take either the short 
or long path according to the position of the bloek. The paths 
were so blocked as to force the animal through the short path 
17 times and through the long path 17 times. These paths were 
blocked in a random order. The detailed schedule for the 
pre-test training series is given in table 11. 

TABLE 2 

HemmuM! silt Pks-Tkht 1‘kkioo 


OnUar iifFowHl Hun* 
L L B L H B . 

a l l a l a a l. 

l a s l a l l a l a.... 

s a l a l l l a a l. 

Total 


Ktt«nb«r of mm 
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On the day after the animals had completed their pre-test 
training the regular experimental runs were begun. During the 
experimental period proper the following schedule was main¬ 
tained: each rat was given 12 trials per day, the first two of 
which were “forced” runs and the next ten, “free” runs. In 
the first two runs the animal was forced (by blocking off one or 
the other of the pathways) to run once through the long path 
and once through the shorter path. The order of “forced” runs 
was alternated from day to day, i.e., on one day the order would 
be L, 8; on the next, 8, L. The ten runs following these two 
forced runs were free in that all blocks were removed and the 
animal was allowed to reach the food box by either path. 

As was said above, both the habituation and pre-test training 
were the same for all three groups. The length of training 
during the experimental period proper differed for the three 
groups. 

Experimental training. —The members of all three groups 
started their experimental runs with the apparatus in position 
I and were continued in that position until they had met their 
respective norms of mastery; in the case of Group I (4-day 
group), the rats were ran until 90 per cent of their last 40 
“free” runs were choices of either the “long” or “short” path¬ 
way. We were not interested in getting every rat to adopt the 
short pathway, as they might have done eventually if allowed 
more time, since we wished to have a group all the members of 
which had about the same degree and length of training. In the 
ease of Group II (8-day group) the rats were run until 90 
per cent of their last 80 ‘ ‘ free ’ ’ runs were choices of either the 
“long” or “short” pathway. And in the ease of Group III 
(12-day group) the same procedure was followed until 90 per 
cent of their last 120 “free” runs were similarly choices of either 
the “long” or the “short” pathway. 

Then, in each group only those rats which preferred the short 
path were continued in position II. The other rats were dropped. 
Enough rats were run so as to fill up each group to its quota 
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of ten. In the following 1 discussion only those ••short ” rats arc 

considered in referring to each of the groups 

After meeting the norm, on the very nest da> th mt. m 
each group were set to master the problem as presented m post- 
TI* ffio- 2). Here the short path was m the position ot the 
former tag path, ..«! vta The animals, in «*- t» »’l» 

their problem, tvero m,nire.l In rm-ra- Ilnnr Innnor l«-havm,. 

They were continued on this problem until they again met. 
the same norm <90 per cent, of the last, TO, last, SO, or last 120 

“free” trials either long or short!. 

The. basis upon which we selected the 90 rats from the 40 
was then, the ability of the rats, in the first instance, to discrim¬ 
inate between a long ami short pathway. That such choosing 
was necessary is at once obvious when we consider the following 
facts: Although both Do (’amp and Yoshioka showed that the 
“average” rat could discriminate between a long ami short, path- 
way, not ail the rats could do so (within the limits ot their 
experiment). In this investigation we have found the same 
thing. Twenty-five per cent, of the animals used failed to adopt 
the shorter of'the two paths in position l. And since our test 
situation (position II) required the animal to returse his be¬ 
havior in order to reach food by the shorter of two {milts, it. 
would of course have been meaningless to test an animal which 
could not discriminate, in the tlrst, place, between long and short. 
Such a procedure (i.e., equating groups on the basis of their 
ability in the particular process), though rare in animal experi¬ 
mentation, is of course a common one in human experiments, 
where subjects are selected on the basis ol intelligence tests and 


achievement tests. 

Another reason for this selection has been suggested above. 
That is, since we are interested in studying the variable fre• 
quency, it would have confused matters to allow smno animals 
many more trials than others in which to master the problem 
(in this case, adoption of the shorter route]. 


* The animals were treated individually, that is, earl, in.iinal was shifted 
when ho himiwlf imehwl ttio norm* lio wtw tiof fmrm l to wait for th»? wtiolo 
group to mtrh tho norm. 
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RESULTS 

In considering the performance of the various groups on 
set-up I (table 3), the first striking fact is the apparent facility 
shown by the animals which adopted the short path. The aver¬ 
age number of errors 5 for each animal ranged from 5.9 in Group 
I to 3.7 in Group III. But even these low averages exaggerate 
the difficulty of the maze, for, actually, these averages are 
accounted for by the errors made by only a few individuals in 
each group, and the “n” of each group being so small, they 
assume too much weight. From an analysis of the individual 
records it will be seen that nine animals (see table 4) made no 
errors at all, and some but one or two errors. 

This need not necessarily mean, however, that the discrimina¬ 
tion involved was extremely easy. It will be remembered that 
the animals had as many as 34 forced trials before their free runs 
were started and records of errors kept. Much of the learning 
probably took place before the free runs were started, but one 
must also remember that the animals were forced down the long 
path as often as down the short path and yet some made no 
errors at all when allowed a free choice. Certainly the factor 
of frequency cannot be called upon here to explain this learning. 

In general we might point out that all three groups found 
the first discrimination about equally difficult and therefore 
came to the first test set-up (position II) equal in all respects 
except in the degree of frequency with which they had per¬ 
formed their original learned response. 

In the second set-up (position II, table 4) the three groups 
diverge one from the other quite definitely. 

The animals of Group I (4-day) made a total of 72 errors, 
where Group II (8-day) made 156 errors, or more than twice as 
many as Group I, and Group III (12-day), 283 errors, almost 
four times as many as Group I and not quite twice as many as 

5 In. this and the following discussion “error” refers to the choice of 
the long path. 
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Group II (table 4). These differences are large enough to assure 
us, despite the small number of subjects in each group, that the 
differences are reliable ones. 

It might be argued, however, that comparing the total errors 
of Group I with those of Group II and Group III is unjustifiable 
since the animals of Group III were given more opportunities to 
make errors than Group II, and Group II more than Group I. 
That is, the rats in Group I were run only up to a 4-day norm. 
Group II 8-day, and Group III 12-day. The differences in errors 
might then be a function of this variable rather than a function 
of the difference between the groups. 

To meet this criticism the error records for the first four days 
for each group were derived, whereupon the opportunities for 
errors are equal for all groups. From table 5‘ it is seen that the 
status of the three groups respectively to one another remains 
similar whether we consider the errors made during the first 
four days, or the total errors made. The differences are still 
extremely large and equally reliable. Group I has a record 
of 66 errors, Group II of 124 errors, and Group III of 233 errors. 
If we consider the number of errors made on the first eight 
days the same results stand. Group II made 156 errors and 
Group III, 276. 6 

There can be no doubt then that as a result of differential 
frequency in performing the act learned for position I, the 
three groups differ in the rapidity and facility with which they 
can appropriately change that learned behavior to fit a changed 
situation (i.e., “learn’’ a new act). There appears to be an 
inverse relationship between frequency and plasticity of behavior. 

Encouraging also is the fact that, although Groups II and 
III found it difficult to shift from their behavior, every rat of 
both these groups finally did shift . In other words, we now 
have more evidence that these rats could differentiate between 
the two paths and that actually they “preferred” the short path. 
The test therefore was a fair one. 

e Group X cannot of course be considered here because tbis group bad 
completed tbe problem before eight days. 
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Although the learning of position II proved to be generally 
much more difficult for all. three groups than the learning of 
position I (tables 3 and 4) an analysis of the individual’s records 
reveal some surprising results. 

Two of the rats in Group I reversed their behavior (i.e., 
“solved” position II) without making one error 7 (rats W 22 and 
H 70), and two rats, II 50 of Group I and W 2 of Group II, 
made but one error. 



Fig. 3 


It is to be noted that, in the ease of rats W 22, H 70, H 50, 
and H 71. (Group l), and W 2 (Group II), the frequency with 
which they behaved appropriately to position I did not in the 
least interfere with their reversing that behavior when the sit¬ 
uation was reversed. It would be incorrect, to say that their 
last ten runs in position I were a function of frequency and 
dependent upon frequency for their occurrence, since, when 
the situation was changed, their behavior changed almost 
immediately. 

7 Of eourno out* must muembor that thoHo rata worn given an opjxirtunity 

to discover th« changed ehn motor of the music by fcho two preliminary 
“ forced* * rums. 
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DISCUSSION 

But we appear now to have two diametrically opposed, results 
In considering the differences in error scores between Groups I 
II, and 111, we were forced to conclude that, the difference in 
frequency was an extremely important causal factor. That is 
there was an inverse relationship between frequency with which 
behavior I was indulged in and the speed with which behavior 
II was learned. In considering, on t he ot her hand, the individual 
records of Group l in learning problem 11, we see just as forcibly 
that the frequency with which behavior 1 occurred had nothing 
to do with the speed of learning position II, 

Actually, however, these outcomes are far from being opposed 
to each other. Tiny require a third ami unifying principle. 
Frequency does not. seem to have any effect either in the estab¬ 
lishment or con till nance of plastic, docile behavior. A learned 
response, however, which is at first “intelligent,” and “insight¬ 
ful” and potentially plastic, apparently becomes through the 
operation of frequency a stereotyped, unintelligent, and insight- 
less response. 

The usual way to represent, the transformation of uncoordi¬ 
nated behavior into it learned act. is, of course, the learning 
curve. All usual learning curves (fig. :i) have at least two 
distinct periods. There is the period ,1 11, which represents 
“learning” as a process, then the level line li (', which represents 
the learned act, the result of A - It. It is assumed that continuing 
the behavior ot the animals after they hud reached their “physio¬ 
logical limit” (at point, V) would in no vital way change the 
psychological make up of the behavior. That is, the behavior 
at K would he the same as at V. Vet, in the light: of our findings 
such assumptions ant unwarranted. The behavior at B or G is 
docile, “insightful” behavior, at l) or A", stereotyped, non-plastic 
behavior. Psychologically the two behaviors differ tremendously. 

We have further seen that this differenee is in some degree 
a function of frequency. Considering our theoretical curve 
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again, we would say that frequency played no role in the period 
represented on the curve between A and 0, then, somewhere, if 
the curve is continued, frequency steps in and /> /■’ becomes a 
function of frequency. 

As far as external behavior alone is concerned, one could 
not tell whether the behavior were of the “intelligent or 
“fixated” type. That is, the animal running at. A’ is doing the 
very same things as the animal running at (■. The test, to apply 
to differentiate the two is that of changing the situation. When 
we do that the behavior of l ‘(!” type (see record for (irotip 11 
changes almost immediately in accordance with the situation, 
while the behavior of “A’” type does not change, hut remains 
constant despite the fact, that such behavior is no longer appro 
priate (see record for (Jroup III, table 4). 

Frequency, in other words, docs not explain lrnrnin<i, but 
rather, l<u'k of learning. Frequency docs not explain the taking 
of the short path by the animals of Uroups I, 11, and III in 
position I, but it does explain the talcing of the l<»uj path on the 
part of the rats of <lro tips II and Ill (position III. 

KUMirAKY AND FO.N<’DFXIONK 

Three groups of ten animals each were run through a series 
of two antagonistic long-xhort discriminations. These three 
groups were equal in all respects except in the frequency with 
which they were allowed to perform one learned response before 
being shifted t,o the antagonistic discrimination. From a con 
sideration of the records the following conclusions are drawn: 

1. Frequency appears to have no causal value in initiating 
and continuing a list rued, docile response. 

2. Frequency is one of tin* causal agencies in transforming 
a docile response into a. “fixated” response. 

3. A differentiation is thus made between a learned response 
which may have all the eharaeleristics of plasticity, docility, and 
“insightfulness” and a learned response which may lack all 
these. 






26 University of California Publications in Psychology [Vol. 6 


LITERATURE CITED 

1 De Camp, X E. 

1920. Relative distance as a factor in the white rat’s selection of a 
path. Psychobiol ., 2:245-253. 

2 Gilhousen, H. C. 

1931. An investigation of “insight” in rats. Science, 73:711. 
s Gengerelli, J. A. 

1931. Maxima and m in im a in animal learning. Jour. Comp. Psychol 
11:193. 

4 Hamilton, J. A., and Ellis, W. D. 

Behavior constancy in rats. MS. (to appear in Jour. Genet, 
Psychol., 1932.) 

s Hertz, M. 

Weitere Versuehe an der Rabenkrahe. Psychol Eorsch 10 
No. 2/4, p. 111. ' ’ 

6 Higginson, G. D. 

1926. Visual perception in the white rat. Jour . Exp. Psychol., 9:331, 

7 Hsiao, H. H. 

1929. An experimental study of the rat’s “insight” within a spatial 
complex. Univ. Calif. Publ. Psychol., 4:57-70. 

s Kohler, W. 

1925. The mentality of apes (New York, Harcourt, Brace & Co.). 

0 Mater, N. R. F. 

1929. Reasoning in white rats. Comp . Psychol. Monoy., 6:93. 

10 Peterson, J. 

1920. The backward elimination of errors in mental maze learning. 
Jour. Exp. Psychol., 3:257-280. 

11 Peterson, J. 

1922. Beaming when frequency and recency factors are negative. 
Jour. Exp. Psychol, 5:270-300. 

12 Peterson, J. 

1931. Learning when frequency and recency factors are negative and 
right responses are painful. Psychol. Bull, 28:207-208.* 

13 Thorndike, E. L. 

1931. Human learning (New York, The Century Co.). 

14 Tolman, E. C. 

1932. Purposive behavior in animals and men (New York, The Cen¬ 

tury Co.), 
is - f and. Honzik, C. H. 

1930. “Insight” in rats. Univ. Calif. Publ. Psychol., 4:215-232. 

1 6 Wheeler, R. H. 

1929. The science of psychology (New York, Thomas Y. Crowell Co.). 

17 Yoshioka, J. G. 

1929. Weber’s law in the discrimination of maze distances by the 
white rat. Univ. Calif. Publ. Psychol., 4:155-184. 



HYPOTHESES” VERSUS “CHANCE” IN THE 
PRE-SOLUTION PERIOD IN SENSORY 
DISCRIMINATION-LEARNING 

AND 

HE GENESIS OF “HYPOTHESES” IN RATS 


BY 

I. KRECHEVSKY 


University of California Publications in Psychology 
Volume (i, No. 2, Pfi. 2? (I, it figures in text 
Volume <>, No. t, }'(»■ t'> <’t. 2 figures in text 


UNIVERSITY OP CAM PORN IA PRESS 
BERKELEY, CALIFORNIA 










“HYPOTHESES” VERSUS “CHANCE” IN THE 
PRE-SOLUTION PERIOD IN SENSORY 
DISCRIMINATION-LEARNING* 

BY 

I. KRECHEVSKY 


In a previous paper (8) it was pointed out that a reexamination 
of the data obtained from sensory discrimination experiments 
necessitates the adoption of a new description of learning. It 
was found that instead of considering the first part of “learn¬ 
ing” as consisting of random, haphazard behavior, we must 
recognize that the animal, during that period, is responding in 
an orderly, systematic manner. He is attempting various solu¬ 
tions and giving them up when they fail, until he hits finally 
upon the “correct” one. The present paper presents part of the 
experimental evidence for such a thesis. 

As originally planned and carried out, the experiment 
involved the setting up of two discrimination habits in each ani¬ 
mal—a visual and a “hurdle” habit—as well as a study of the 
general problem of transfer of training. The present report will 
concern itself, however, only with that part of the study relevant 
to this question of hypotheses. And for this purpose the results 
of the “hurdle” discrimination only will be considered. 1 

In his Brain Mechanisms and Intelligence Lashley made the 
first suggestion of a possible relationship between two often 
observed phenomena connected with the setting up of discrimina- 

* Acknowledgments axe due Professor T. N. Jenkins, of New York Uni¬ 
versity, under whose supervision this research was earned on, and to Pro¬ 
fessor Prances Holden for valuable criticism and aid. 

i A complete report of the experiment is on file at the graduate office of 
New York TTniversity. 
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tion habits by the white rat—the peculiar shape of the learning | 
curve and the tendency of the animal to form various position [ 
habits before mastering the problem. 1 ‘ There are many indiea- ( 
tions,” he writes, I 

that . ... in the discrimination box, responses to position, to alternation, | 
or to cues from the experimenter’s movements usually precede the reaction 
to light and represent attempted solutions that are within the rat’s custom¬ 
ary range of activity. The form of the learning curve is the more 

significant when considered in relation to such behavior .... it suggests I 
that the actual association is formed, very quickly and that both the practice 
preceding and the errors following are irrelevant to the actual formation of 
the association. 2 j 

In other words, even when the “learning curve” appears to show 
“random” behavior the animal may be responding in a wholly 
systematic manner. Lashley regrets, however, that “there is no 
present way to record such behavior objectively and I can present 
the description only as an impression from the training of 
several hundred animals in these problems. ’ ’ 3 The data from the 
present experiment have been examined in the light of Lashley’s 
suggestion and an attempt has been made to devise a method for 
the objective determination of the validity of that suggestion. 

Apparatus- PROCEDURE 

The apparatus used was a modification of Stone’s mutiple- 
unit discrimination box. (r) The box consisted of four equal 
units, each unit presenting to the animal one discrimination and 
each unit continuous with the other. 



Figure 1 shows the ground plan for the whole apparatus. 
The animal is started from a small “home” cage just outside 
the entrance to the first box. The door, operated by a gravity- 


2 Italics mine, a Ibid. 
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string arrangement, opens up into passageway x-y. gl and g2 
metal guards serving to force the animal in a straight line 
toward the stimulus panel Ore. The mid-part of the box (afle) 
contains the two stimulus chambers. Triangle po is a metal 
partition which not only serves to separate the two chambers, ah 
and ce, but is also so constructed as to prevent any light rays, 
entering from the second unit through door mn, from reaching 
the animal in the vestibule gl-g2. It also serves to prevent the 
Ability of the animal’s detecting the presence of the obstruc¬ 
tion (door M) in either of the two alleys. 

Door (12 swings on a. pivot, at o. so that, at the will of the 
experimenter, alley ab or re can become the correct alley and the 
other, the eul-de-sae. In figure 1 the door is so arranged as to 
make’ ab the correct alley. When the animal enters the correct 
alley he is allowed to pass through pathway mn and into the next 
unit where he is presented with the v<>ry same situation as in the 
preceding unit. Immediately after entering the next alley, the 
door of the next box. corresponding to door .r-y, is dropped so as 
to prevent any retracing* 

For the most, (tart, the floor plan of this box is quite similar 
to Stone’s apparatus except, tor a tow insignificant differences in 
dimensions. In arranging the stimulus panel, however, a radical 
departure was made from Stone’s apparatus. Figure 2 is a 
three-dimensional drawing oi the stimulus ehainbeis. 

In the hurdle discrimination set-up the only differentiating 
factor between both alleys was the presence of the hurdle. The 
animal actually had to climb this obstruction in order to gain 


♦ The section labelled «/><•<; is in the Mime position as th® section surn- 
larl^Uisl in ligure ,1. In figure 3, and rWi. are ti^ t-o tunnels 
through which the rut. must run. These tunnels are divided into an upper 
SaZJ ,it by a plate of translucent, glass at fo rurmmg paraM mth 
the floor of the box.' The upper part, contains the «'l<;ctnr ghts and the 
lower is the tunnel through which the animal runs. 1ho tops ®f th® tw 
stimulus boxes are covered. Most of the light is 'hrected th " U £ £?y 
lucent frosted glass plates over the tunno s of fib «r 
be; i.o., when the apparatus is used for set.tmg up n hnjfiitoow discim 
tion or else, through Imtli tunnels ns in the hurdle diHr.nin uu , )^ £ urdle 

M, 3, 4 and J, ho lea worn Imml whudi ^rmitted the uwortio 
at the entrance to either alloy, m b indicated in figure 
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entrance into the alley. The presence of the hurdle was meant 
to indicate the correct alley, i.e., the hurdle was the positive 
stimulus. While we are primarily interested here in the hurdle 
results, perhaps it would be appropriate to discuss this apparatus 



as used in setting up a brightness discrimination as well, since, 
in an experiment to be reported later and attacking the same 
general problem as here presented, brightness discrimination was 
used with this apparatus. 
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In making the correct choice (brightness discrimination) the 
animal is not only forced to go toward the light, (as is the case 
in Stone’s box) but he is actually forced to go into and through 
the light as well. This difference in procedure has some theoreti¬ 
cal significance and one which, while it seems to be more and 
more recognized in actual practice, has not yet, by the very 
experimenters who make use of it, been explicitly acknowledged. 5 

The Gestaltists have been most forward with their criticisms 
of the usual experimental set-up used in studying animal learn¬ 
ing on the ground that too often the animal is required to build 
up a wholly artificial connection between a given stimulus and a 
given response, with the result that the consequent performance 
does not give us a true picture of what the animal can do in a 
more “natural” and reasonable problem situation. The stimulus, 
as in the ease of the usual discrimination box and as is also the 
case in Stone’s box, is not something that is intrinsically con¬ 
nected with either the animal’s response or his “reward,” it is 
merely something the experimenter brings ab extra and imposes, 
or wishes the animal to impose, upon the situation. In discussing 
this very point, K6hler <2) writes, 

The electric shock, for instance, applied to the legs, is not intimately con¬ 
nected to the task of getting a red spot as “the negative stimulus. There 
is only a very loose connection between them in space and time. If that spot 
itself would make a sudden movement against the animal and so frighten 
it .... we should certainly have a situation mueh nearer the animal s 
learning in common life and a more efficient one. 

In other words the stimulus, the response, and the conse- 
quenee should all be intrinsically bound together; the whole 
should make a meaningful combination. We have some actual 
experimental evidence to bear out this assertion. Hubbard (1) 
found that while it took a group of animals an average of 99.3 
trials and 29.7 errors to set up a light-dark discrimination when 
the animals were forced through the stimulus, it took another 
group of animals an average of 174 trials and 56.9 errors to set 
up a similar habit when the animals could merely travel toward 

s Sinee writing this section, a publication of N. L. MunnW has appeared 
which points out many of the considerations stated below. 
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the light. Unfortunately the results of that experiment are partly 
vitiated by the experimenter’s failure to control other differences 
in stimulation between the two groups, such as tactual stimula¬ 
tion, etc., however much the same suggestion is implied in the 
surprising efficiency of Lashley’s new technique for setting up 
form discrimination habits. (5) Here, also, the animal is required 
to jump through the stimulus pattern. This very fact may 
account for the ability of Lashley to demonstrate form discrimi¬ 
nation in the white rat where previous experimenters have failed. 

The results of this experiment also tend to support Kohler’s 
point. It took the 40 animals an average of but 13 trials and 21 
errors to set up a visual discrimination. 

It is also apparent that in the hurdle discrimination set-up 
we have the same desirable situation. Here the animal must not 
only see the hurdle and travel toward it, but he must also 
actually do something with it. Hurdling the obstacle is an intrin¬ 
sic and necessary part of the response. The set-up, in general, is 
one which should encourage rapid discrimination learning. 

Animals — 

Forty previously untrained male albino rats, about three 
months of age, were used as subjects. 

Method — 

No animal was used for experimental purposes until three 
weeks had elapsed from the time he had been received in the 
laboratory. Thus every animal was given a period in which to 
adapt himself to the generaHaboratory conditions. During these 
three weeks of aeclimitization the animals were fed once a day, 
at about the same hour that their training series was to be run, 
in a special feeding cage. Their diet consisted of “MeCullum’s 
Mixture” plus a semi-weekly ration of lettuce. Fresh water was 
always available. 

' All runs were made at night. A night’s work consisted of ten 
trials per animal. This program was adhered to until the animal 
satisfied the established norm for learning. 






1932] 


33 


Krechevsky: Sensory Discrimimtion-learning 


During the runs the experimenter was seated away from the 
apparatus and was able to observe the behavior of the animal 
through a series of mirrors which allowed a full view of the box 
and its contents from one point of observation. The only light in 
the room, during experimentation, came from within the appa¬ 
ratus itself- Since the top of the apparatus was covered with a 
fine mesh wire, it would have been almost impossible for the 
animal to be able to see anything outside of the box. The mirror 
arrangement also obviated the, necessity for the experimenter to 
move about during the run. 

Special, care, was taken in drawing up the order of presenta¬ 
tion of stimuli, to avoid introducing any but chance orders. It 
will be seen that the sit uation in this discrimination box is more 
complicated in this respect than it is in the single-unit discrimi¬ 
nation box. In the latter ease it is merely necessary that the 
positive stimulus he on the right as often as on the left, but in 
the present ease it is not, only necessary that the total number of 
stimuli he equated for their position, hid, also that each unit be 
equated for that factor. The order of presentation for ten trials 
is given below. 


Triali l 3 

Unit !..-.»*« r 1 

Unit r 1 

Unit 3........ 1 1 

Unit t v 


3 


5 II 7 


8 9 10 


l l r 
r r 1 
r r 1 
1 r 1 


r r l r 1 

Irllr 
r 1 r 1 r 
1 r 1 t 1 


This order suflleed for ten trials or for one day’s runs. Every 
day the same order was repealed. It is highly improbable that 
the rats learned this order, sinee the series contains 40 items and 
in no ease was any rat presented with the series more than 12 
times. Every rat was, of course, given the same series. 

At the end of each trial the animal found in his food box a 
cube of milk-soaked hn*ad. This cube was cut to a predetermined 
standard size which helped to equate somewhat the reward 
received by the different animals and the reward received by 
the same animal from trial to trial. The animal, however, did 
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not depend npon this diet for maintenance. After he had com¬ 
pleted his day’s work he was transferred to his feeding cage in 
the animal room where he was allowed to feed on the balanced 
ration of “McCullum’s Diet” for an hour. 

In keeping records of the performance, the following factors 
were considered: (1) errors. An error was counted if the animal 
inserted his head into the wrong chamber. Complete entry was 
not necessary. 6 (2) position responses. Not only was a record 
made of the animal’s response on the basis of the “correct” 
stimulus, i.e., whether he entered a blind or a true alley, but the 
side of the box (left or right) was also noted. (3) norm for 
learning. The problem was considered mastered when the ani¬ 
mal completed five errorless runs, that is, twenty consecutive 
errorless discriminations. 

RESULTS AND DISCUSSION 

In order to obtain significant data in attacking our problem, 
namely, the relation of the shape of the curve to the various 
“interfering” position habits, we could not content ourselves 
with plotting the usual type of curve. The method we finally 
adopted, and the reasons therefor have been stated in detail in 
the previous paper, (3) but for convenience we might briefly sum 
up the process here. 

After the animals had mastered the discrimination problem 
the entire performance of each animal was individually analyzed, 
and the resulting learning curves were individually plotted. For 
each rat the following items were determined: (1) the number 

0 Stonecu in. working with his apparatus isolated throe different kinds 
of errors: (1) advancing into the wrong alley; (2) entering the correct 
alley, but instead of continuing on into the next unit, retracing back into 
the same unit; (3) entering the wrong alley but retracing before actually 
coming into contact with the obstruction. Stone states that he found this 
third type not definite enough or objective enough to be of any value as dif¬ 
ferent from the first type, and that errors of the second type were so infre¬ 
quent (another instance of the rapidity with which an animal can build up 
a general foreward-going tendency) as to be of little value. While these 
three types of errors were also observed in this study the same objections to 
their consideration were found to hold as in Stone's study. 
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, „ errors ” the animal made each day; (2) the number of turns 
f the left- (3) the number of turns to the right; (4) the number 
f turns which were in keeping with an “alternating” scheme; 
“ d (5) ^ number of turns in keeping with a “perseverance” 

^^considering the resulting curves one must be certain that 
the locus of any point on any one curve is a significant one. That 
• since we are graphing almost every response of the animal it 
’ • aginable that by a certain combination of circumstances 
some one curve will always appear to show systematic behavior 
vet actually be a chance tluetuation. To meet; this criticism, the 
extreme limits beyond which chance alone would very rarely send 

anyone curve were determined by the use of the formula «r= 

That is if chance were the sole determining influence for any 
one curve that curve should never go beyond 50 per cent ± 3<r. 
Doing this we find the <r tor -10 chances (one day’s work) to be 
7 8 per cent, which would give, for the extreme limits of chance 
fluctuations 50 21.4 per cent, or 28.6 and 71.4 per cent. The 

graphs have so been const rue ted as to concern only the upper 
limit i.e., 71.4 per cent. This limit, to facilitate inspection of the 
curve, lias been indicated by drawing a line at the proper point 

across each graph. . ... 

Now if anv or the resulting curves should go beyond this 

limit we’can he fairly certain that, such n change is owing to some 
systematic cause. If, therefore, any of the “position” curves go 
beyond their chance .one limit, while the “error” curve remains 
on the 50 per cent, line we would ho justified in saying that, 
during that period, the animal is responding to the situation m a 
systematic manner; then, if that spatial curve goes back 

to the 50 per cent line and the "hurdle” curve goes beyond the 
chance limit, and finally reaches 100 per cent efficiency we have 
a perfectly objective demons! ration of hashley s suggestion. 

We are now ready for a discussion of the actual graphs. O 
of the 40 graphs, figures 3 to ti represent, samples of the mos 

clear-cut curves. 
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In figure 3 we find the rat, for perhaps the first five days 
running according to “chance,” that is, his “error” score 
remains well within the pure chance zone; then, during the sixth 
and seventh days he very rapidly brings his error score down, 
indicating complete mastery of the problem. A consideration of 
the broken-line curve, however (the curve representing the ani¬ 
mal’s turns to the right side of the box), shows that such a 
description is misleading and entirely untrue. The animal, dur¬ 
ing the first five days was not running by “chance”; the animal, 
during that period was behaving in a definite, systematic man¬ 
ner, hit on a spatial lads. During the so-called “chance” period 
the animal adopted, brought to near-perfection, and then sur¬ 
rendered a perfectly legitimate and unified “attempt at solu¬ 
tion.” His choices on the basis of the presence or absence of the 
hurdle represent a second systematic series of responses, which 
was preceded by a different, but nevertheless just as unified 
series of responses. 

In this specific ease then, learning did not consist of hap¬ 
hazard chance responses which finally (through the action of the 
various Laws of Learning) became systematic, but learning con¬ 
sisted of one systematic series of responses followed by another. 

Figure 4 represents the performance of another animal who 
also happened to show, as a previous “attempt at solution,” a 
right position habit. The implications here are also clear and 
need no further discussion. 

In figures 5 and 6 the “attempted” solutions are an “alter¬ 
nating” and “perseverance” habit respectively. 7 

A more detailed analysis of these curves strengthens the sug¬ 
gestion that the interpretation here proposed is a valid one. 

7 The chance zone for these two habits will, of course, differ slightly 
from the chance zone for the left or right position, habits, because that for 
the latter habits is based on 40 choices, and that for the former habits on 
but 30 choices, since the animal’s first choice at every trial could neither 
be considered as “alternating” nor “perseverance.” Only the last three 
choices of each trial were therefore considered. This difference in number 
of choices gives, as the a for the last two habits 9 per cent with the limit 
as 77 per cent instead of 71.4 per cent. 
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A point that should be noticed in these curves is the close 
similarity between the rapidity with which the animal builds up 
his position habit and that with which he builds up his hurdle 
habit. Thus in figure 3 it took the animal four days to bring his 
right position habit to the point of greatest efficiency, and it also 
took him four days to bring the hurdle habit to the same degree 
of efficiency. (It is obvious that this is so only when we consider 
the hurdle curve as beginning where the position curve leaves 
off.) The same is true for the other curves. This striking fact 
is a further substantiation of the assumption that the adoption 
of the various position habits is a real phenomenon of the learn¬ 
ing act and not some “chance” epi-phenomenon; as real, at any 
rate, as is the adoption of the hurdle discrimination by the 
rat, the same organism showing in either behavior the same 
characteristics of speed and efficiency. 

Another point to be made is in relation to the “difficulty” of 
a discrimination problem and the resulting shape of the learning 
curve. It may be pointed out that the “typical” discrimination 
curve is obtained only where the discrimination involved is a 
more or less difficult one; where the problem is “easy” no such 
curve results. We can see, from our proposed relationship 
between the shape of the curve and the animals’ adoption of the 
various position habits, why one should expect that very thing. 
We call that discrimination problem “easy” for the animal 
which requires but a few trials for its establishment. In order to 
establish any sensory discrimination habit rapidly the animal 
must “pay attention to” (“react to”) the correct stimulus from 
the very outset. That would mean that the experimental situa¬ 
tions were of such nature as to make outstanding and most obvi- 
ous the “correct” stimulus. This would further mean that the 
animal’s first “attempted solution’’ was the correct one and 
therefore an analysis of his performance would reveal no other 
systematic “attempted solutions,” with the result that his 
“error” curve would never remain on the 50 per cent line, but 
Would show the same characteristics as the maze-learning curve, 
i.e., steady improvement. 
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Figure 7 shows a concrete example of the argument proposed 
above. Here the curve for the hurdle habit is atypical, it does 
not show the usual picture, but rather resembles more closely the 
curve obtained from the light-dark discrimination (see fig. 9) 
the “easy” discrimination. It appears that here the animaT“hit 
upon” the correct stimulus from almost the very beginning with 
the result that he solved the problem with extreme rapidity. This 
would mean, according to the interpretation suggested above 
that the animal did not at first attempt other “wrong” solutions 
as, for example, spatial solutions. That is exactly what hap¬ 
pened. The two curves representing the four possible position 
habits stay very close to the 50 per cent line, although they are 
not forced to do so by virtue of the locus of the hurdle curve 
In other words it would have been possible, statistically consid¬ 
ered, for the two position curves to go well beyond the 50 per 
cent line at the same time that the hurdle curve was at the 70 
per cent line; nevertheless they failed to do so, the animal was 
not attempting a position solution. 


It was remarked above, when introducing our curves, that 
we were reproducing only some of the most clear-cut ones! Not 
all of the remaining curves show quite the same things as those 
which we have reproduced. Out of the 40 curves, perhaps 15 
are of the very same type as illustrated in figures 3 to 6 inclu¬ 
sive. The others are more confusing in implications. In figure 8 
we have an example of a curve which does not fit in with our 
description of the others. While this curve is of the positively 
accelerated type, and in that respect shows a similarity to the 
others, nevertheless the curves representing the position habits 
or this animal do not show the same characteristics as the other 
curves; none of the four possible position habits going beyond a 
chance fluctuation. This curve, and it must be admitted there 
are a number of them, need not be interpreted however as contra- 
ic ory to our general thesis. As a matter of fact, a close analysis 
o ese very curves strengthens our hypothesis. Regarding 
gure more closely it will be seen that while neither the right 
position habit nor the perseverenee habit ever get beyond the 



1932] Krechevshy: Sensory Discriminatiori-Learning 


41 


chance zone, the two curves do depart a little from the 50 per 
cent line, and depart from that line at the same time. On the 
second day both curves reach their maximum together. This 
suggests that at any one time (that is, over the space of one 
day’s trials) the animal was responding not to one position 
habit, but to two, alternately. Further analysis proves this to 
be quite a tenable view. Upon inspecting the animal’s individual 
responses more closely it was found that of the ten responses (on 
the second day) which did not fit in with the perseverance scheme 
eight were choices to the right! Every time the animal departed 
from his perseverance scheme he went to the right side of the 
box. Only two times out of all 40 possibilities did he make a 
response which fitted in with neither “hypothesis.” 8 This vacil¬ 
lation on the part of the rat, between a perseverance ‘habit and 
a right position habit, would prevent the curve representing 
either habit from reaching a point outside the chance zone. Such 
behavior, however, is not different from the other behavior we 
have analyzed. In this case the animal, instead of making but 
one systematic attempt at solution before hitting upon the cor¬ 
rect one, tries several, and each for a short period of time only. 
Even in these curves then, we fail to find room for haphazard 
and non-unified behavior patterns existing at many points of the 
learning process. 

An analysis such as has just been made lays itself open to 
serious statistical criticisms. Essentially what we have done, the 
argument may be, is that by considering every response as part 
of some systematic form of behavior, we have of course elim¬ 
inated, ipso facto, the possibility of finding any “chance” 
responses. Such a criticism is difficult to meet here. All our 
learning curves are so short as to make it impossible to deal with 
our data in the statistical manner required in order to prove 
that our combinations of these various position habits do not 
lead to artifacts, but are statistically justified. In another experi¬ 
ment, the report of which follows on pages 45-64 of this volume, 

8 For the use of the term “hypothesis” to describe these various “at¬ 
tempts at solution 51 see our introductory paper c£ Hypotheses in Rats” (3). 
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the set-up was one which gave us longer learning curves aad 
more data with the result that we wore able to demonstrate quite 
definitely the validity of our method of combining the responses 
Throughout this paper we have been forced to present the 
data of individual animals only. Nowhere have we been able to 
call upon group results. The reason for this is obvious An 
analysis such as we have made here would be impossible if We 
were to content ourselves with obtaining hypothetical averages 
of the hypothetical average rat and draw hypothetical learniJ 
curves. We feel that real and valid information in reference to 
the behavior of organisms can he obtained only by studying the 
actual individual a* an individual. Such a method however has 
the obvious drawback of appearing nonquanfitative in „ ature 
We have attempted to devise some manner of presenting these 
results as group results. The value of such procedure is to sug¬ 
gest that the behavior, of which up to now we have merely given 
samples, is universal for the white rat. 

The evidence is shown in table 1. This table was constructed 
in the following manner: The curve for each rat was surveyed 
noting for each position habit the lowest point on the curve 


AWMALH IN 

05-100 

1 


Total ...ta 10 m a .i 

(Thus for rat #810-(!, figure (>, the lowest point for the persever¬ 
ance habit would bo 87 per cent; for rat f»M>, figure 8, the 
lowest point for the right position habit, would be <i2 per cent 
and for the perseverance habit, «7 per cent, and so forth.) In 
a e are presented the fmpieney of occurrences of these points 


TABLEt 

Percentages op Maximal Kivioienvv tiv 

Bin Lis mg Vomvum flAttm* 


HaWt 7i.-7.1 w-ao mt im 

mght .......................... U 5 3 4 

Left .$ I I 

Perseverative 4 2 I 

Alternating 3 *» ^ 
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for the four possible position habits. Thus, five curves (from all 
40) reached the 76-80 per cent line of efficiency for the right 
position habit, etc. It will be seen that in all there are 36 cases 
of position-habit-curves going beyond the line allowed by chance 
(73 per cent) ; twelve of these reaching an efficiency between 71 
and 75 per cent; ten, between 76 and 80; and 14 between 81 and 
100 per cent. In other words, the tendency to build up a syste¬ 
matic series of responses during the so-called period of chance is 
characteristic of most of the rats studied in this experiment . 


CONCLUSIONS 

The characteristic form of the learning curve obtained in 
setting up discrimination problems was investigated in relation 
to the animal 7 s tendency to form various position habits prior to 
mastery of the discrimination habit. Objective and quantitative 
evidence is presented of Lashley’s suggestion that such position 
habits represent “attempted solutions 77 on the part of the rat, 
and it is shown quite definitely that during that part of the 
learning performance, which is represented on the usual curve 
by an almost horizontal line at the 50 per cent point indicating 
no improvement, the animal is engaged in bringing to perfection 
various attempted solutions. After each “wrong 77 solution is dis¬ 
carded in turn, the animal attempts another until he finally hits 
upon the 4£ correct 7 7 one. Four different such spatial ‘ ‘attempts 77 
at solution were isolated, a right-going habit, a left-going habit, 
a perseverance habit, and an alternating habit. The 40 animals 
used as subjects showed a total of 36 such habits before finally 
adopting the “ correct 7 7 response, a hurdle discrimination. 

In the light of all the evidence presented here it is suggested 
that helter-skelter unorganized trial and error response as a 
description of the early part of the learning process is invalid, 
and that we must change our description of the learning process 
so as to recognize the existence of organized and systematic 
responses at all stages of the process. 
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THE GENESIS OF “HYPOTHESES” IN RATS* 

BY 

1. KRE(UIEVRKY 


INTRODUCTION 

In previous papers 0 * 2 ' the thesis was developed that the 
learning process consists of a series of systematic responses. In 
the light of certain experimental results it was proposed to 
regard the first part of the learning process as consisting in 
unified, meaningful and purposive behavior. The term “hypoth¬ 
eses” was proposed for these early systematic, response's. This 
term carries with it certain desirable theoretical implications. 
One of these implications is that an “hypothesis 1 ' is an indi¬ 
vidual's emit rib ut ion to the objective stimulus-field. That is, an 
“hypothesis” is not a resultant merely of the actual, immedi¬ 
ately presented stimuli, but also owes some of its genesis to the 
reacting individual himself. 

This paper presents in detail the second set of experimental 
evidence cited in the first paper. 01 The method of obtaining 
crucial data in tin* present experiment was to offer the animals 
an unsolvable problem, in the sense that no one stimulus occurred 
systematically with the “correct,” alley. Any differential re¬ 
sponse to the situation and the stimuli therein would therefore 
have to be initiated, partly at. least, by the animal himself. In 
other words, the presence of systematic forms of behavior in 
such a situation is to be interpreted to mean that these systems 
were determined not as something forced ab extra by the 
situation, but as something originating from the animal himself. 

* This is the third of a series of investigations on the pro solution 
behavior of the animal in the learning situation. Wo wish to acknowledge 
our indebtedness to Professor Edward <t To Imam and Dr. Robert <?. Try on 
for advice and criticism. 
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APPARATUS AND PROCEDURE 

The apparatus has already been described i u the s 
paper/ 2 ' Briefly, it consisted of a four-unit: discriminationT 
so constructed as to force the animal through the w, „ ° 3 

stmndi winch were employed (it-. 1 V Extreme precautions wer 
taken in setting up the experimental situation so as to eliminat, 
all extraneous cues. 



Nine previously untrained rats were run in this experiment 
Of these nine animals, five were pure albino males, obtained from 
the regular stock of the University of California psychological 
laboratory; the other lour, also males, were pigmented rats 
obtained from F„ Generation of TnmUs -dull” race of rats . 1 

As far as could be determined the health (if the animals was 
satisfactory throughout, the experiment, and at no time did the 
animals appear to be sluggish or unmotivated. The animals were 
led, besides the "reward” 2 which they received at. the end of 
c*uch trial, a modified Xtt*f*nbo<*k diet. 

All rats were given two weeks of preliminary training before 
beginning the experiment. The preliminary training consisted 
of fading the animals once a day lat tin* same hour as the 
experimental runs were to he given I in the food box of the 
apparatus. 


mi., ■ ; ..‘"’’■‘I Iimi ror ■ ■ .luilnex* ” in imoiw nerformince 

atolls «f T^m '(T). 1 ' H is " m Wr demonstrate! hy thl significant 

rich milk t cube of bmni soaked in a 

Iftcl w«v trial f H , ! "T "* 1 , il fltirl .v constant amount of food 

u« it mm in this f*V " r * W 1 A* i«‘p»rtnnf when it is neoMUUj, 

ialy rowlmili 'w* P-rh.nni.nre of the animal be 
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The actual experimental situation consisted of presenting to 
the rats the usual brightness discrimination set-up, i.e., one alley- 
darkened and one alley lighted, but, instead of arranging the 
apparatus so as to allow the animal eventually to solve the. prob¬ 
lem, no opportunity was given the animal to associate the. light 
or the dark with the “correctness” of the alley. Sometimes the 
lighted alley was the open one, sometimes the darkened; some¬ 
times the alley on the right, and sometimes the alley on the left. 
No matter which form of consistent, behavior the animal adopted 
he would find himself blocked at; least- 50 per cent, of the time. 8 

SCHEDULE A 

I 2 8 4 5 Cl 7 8 0 10 U 12 

r R 1 ,L ,.E l B r h 1 r L 

B I R r B L r 1 l r L R 

r R r l I, r h h l R r I 

h r R l h r 1 L r 1 B li 

Bxplaifutium .--The letters indicate the Remit ion of the U^htcd alloy, “h” 
for loft and “ R ’ * for right, A capital letter indicates that tho lighted 
alley was tho open one; a small letter, that the lighted alley was the blocked 
ono. For examples in the l»r«t trial tho lights were arranged in a right-left** 
right-left order, but in tho first unit the open door was on the U'ft, in the 
swond on the left, in the. third on the right, and in the fourth on tho left 
again. 

The animals won* given 12 trials per day for 14 days. Hinee 
each trial meant four diseriminations, a record of <572 discrimina¬ 
tions per rat was obtained/ 4 

8 Schedule A gives the order of presentation of stimuli. Tin 1 - order as it 
is shown in the schedule is one which makes mrt/ unit of the apparatus 
equal in the following essential respects: (1) the number of times the 
lighted alley is cormd is equal to the number of time* tho darkened alley 
is correct; (2) the number of times the lightedopen alley is on the right: 
aide of the box is equal to the number of times the lighted open alley is on 
the left side of the box; (3) the same is true* for the darkened open alley, 
the lightod-eloHod alloy, and the darkened closed alley; (4) the number of 
times the darkened-or lighted *ojM*n alley is on the same side of the box ns 
the open alley in the preceding unit is equal to the number of times it is 
on the opposite side. (In this connect ion see habits Nos. 3 and 7 below, 
p. 5.) Tims for each unit no one stimulus relationship is favoml, 

i The first 12 trials were divided over a period of two days. That is, on 
th© first day the animals were given only half their trials and on the mvond 
day, the other half. Starting with the third day each animal ran through a 
full day’s schedule. Thus actually the animals were run for 15 days. 


Trials 
Unit I- 
Unit 2.. 
Unit 3., 
Unit 4., 
















In our previous work four different systematic t 
responses were found, any one of which the animal might atT 
wliATi in the im» Knv Ti>. i* ^ 


when placed in the discrimination box. These fo ur r 
were: (1) a right position habit. a left position habit^ 
perseverance habit, and (4) an alternating habit. In this', 
ment, when 1 we are testing for the presence of am/ 
behavior on the part of the rat, the more reaction' possMil 
we investigate the closer we should he able to get; a real xtni 
standing of the behaving animal. From a eonsiderntion of tt 
experimental set-up and from an observation of various phase 
of the animal's behavior in the apparatus, the three follovri 
“habits” were added to our list of possibilities; (*>) » ^ 


habit, (0) a dark-going habit, and (7) a visuul-perseveraao 
habit. 8 These last three habits are visual ones and together witl 
the four spatial ones mentioned above taken in, perhaps, manyoj 
the responses that the animal might adopt. It would be unwar 
ranted, however, to assume that this list eumpleteiy exhausts tie 
possibilities of systematic behavior on the part of the animal 
The method of analyzing the data was to go over each day’s 
responses of eaeh animal and record lb.* number of these' re. 
spouses which were in keeping with eaeh of the above possibili- 
ties. Then, if the animal was, at any time, behaving in mj 
systematic manner, we would at once heroine aware of that fact 
through the daily uispeefion ot all the habit seores, 

It was stated above that the stimuli were so arranged as to 
favor none of the above mentioned possibilities. The animal, 
therefore, if he depended upon ehanee, or if In* ran in an aimless 
and ehanee fashion, should have made none of these responses 
more than SO per cent of the time on any one day. if, however, 
the animal s score for any one habit rrrmlnl the score expected 
by ehanee we would be justified in a ,,ummg that the animal was 


... £ «■ visual jn'riiwcmii,-.* * • tmt.it e» eim where the animal k 

briahtnZJ j?*^ 1V, Ti y l,r * V" 4 '* " nU ' r ' Hli ‘ r 'dley which hi of the Mine 

animat tliJlri™ X? " ( ' y 'f 5 ’f example, if the 

alley then when h f . T UWf the ell.o it the "correct” or open 

nfa lv ,mr/? ’’T”.*'" ?"V ,' tu ' ,Ud: 1,4 »«** 3 he iouU 

tu that a! "‘J ! “ght er .lark) which he f.otinl open in unit 
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responding* in a systematic manner. For the sake of convenience 
in analyzing the data, all the scores for each animal were tarns- 
lated into curves (see fig. 2). 



To make certain that we did not ascribe any significance to 
a chance fluctuation, the limits were determined beyond which 


any one of: the possible curves would very randy go if chance 
alone were operating. This was done by the use of the formula 


SD = Jl ,( l 

" N 


Any curve, therefore, that went beyond fit) per 


cent ±‘hr, we felt fairly certain was not to be attributed to 
chance but rather as signifying the presence of some systematic 
cause forcing the animal’s behavior 

In figure 2 can he seen one of the resulting graphs. The dif¬ 
ferent curves represent the different possible systematic habits; 
the horizontal lines at the 50 per cent point and various other 
percentage points indicate the upper “chance-zone” limit for 
the various possibilities. 

The analysis of the data, as made throughout the experiment, 
is applicable to individual performances only, it would be mean- 
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ingless to attempt to draw a “group” curve; the only thing to 
do would be to present the individual curve for each rat Such 
a procedure is undesirable on practical grounds, and so, instead 
of presenting the data in graphic form, the data for each rat are 
presented in tabular form in such a way as to allow the reader to 
follow the rat’s performance day by day and see just what the 
rat was doing each day. Tables 1 through 8 present these data 
Under the appropriate headings the percentage of responses that 
the animal made each day for the various habits are indicated 8 


TABLE I 
Rat W2 



Total responses—672, 

Choices to right—521. Choices to dark— 373. 

Choices to left—151.* Choices to light-m 


* Of these 151,66 or 37 per cent were Uft~Light. 

6 Only those data are Imre repro<lue<sl which eommra habits persisted in 
significant number of times. That is, if the animal never made better than 

l per cent on a given habit, that habit is not eonsideml in these tables. 
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TABLE 2 


Rat W0 


Day 

Correct 

choice 

Dark 

choice 

Eight 

choice 

Spatial 

Alternate 

choice 

Visual 

Problem 

choice 

Combined 

habits 

1 . 

50 

53 

38 

53 

75 

73 

2 . 

42 

54 

46 

76 

53 

75 

3 . 

40 

56 

65 

67 

61 

85 

4 . 

33 

67 

79 

50 

56 

98 

5 .. 

52 

65 

81 

53 

53 

98 

6 .. . 

54 

71 

79 

53 

53 

100 

7 . . 

44 

65 

81 

56 

56 

98 

8 .. 

46 

65 

87 

44 ' 

44 

109 

9 .. 

54 

62 

79 

44 : 

44 

96 

10 . 

60 

65 

81 

50 

50 

98 

11 .. 

52 

n 

73 

53 

53 

98 

12 .. 

43 

69 

73 

56 

50 

96 

13 ... 

54 

77 

67 

53 

50 

96 

14. .. * 

52 

90 

52 

44 

50 

96 


Total responses.072. 

Choices to right--471. ( Uioires to (lark- MO. 

Choices to left—201.* <’ho ices to light—223. 


* Of those 201, 45 or 22.3 per cent were Left~LighU 

TABUS 3 


Bat W7 


Day 

Correct. 

choice 

Dark 

choice 

Eight 

choice 

Combined 

habit, 

1 

40 

67 

58 

87 

2 

40 

60 

69 

96 

3 

35 

77 

60 

04 

4 

44 

67 

50 

83 

5 

46 

79 

67 

98 

6 

42 

79 

54 

92 

7 

46 

71 

71 

96 

8 

54 

71 

79 

100 

9 

54 

62 

87 

100 

10 

52 

52 | 

98 

100 

11 

48 ! 

62 

90 

100 

12 

50 

50 

100 

m 

13 

50 

50 

100 

too 

14 

50 

50 

too 

too 


Total responses- 072* 

Choices to right 520. Choices to dark* 431. 

Choices to left—162.* Choices to light—241* 


* Of these 152, 29 or 19 per cent were tAght-lrffL 
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TABLE 4 
Rat W8 


Day 

Correct 

choice 

Dark 

choice 

Right 

choice 

Combined 

habit 

1 

48 

52 

60 

81 

2 

50 

50 

100 

100 

3 

50 

50 

100 

100 

4 

52 

50 

88 

92 

5 

52 

56 

90 

98 

6 

50 

67 

85 

100 

7 

52 

78 

77 

100 

8 

52 

78 

77 

100 

9 

48 

69 

' 81 

100 

10 

48 

78 

77 

100 

11 

46 

71 

79 

100 

12 

60 

69 

81 

100 

13 

54 

75 

75 

100 

14 

44 

69 

81 

100 

Total responses —672. 
Choices to right —551. 
Choices to left -121.* 

Choices to dark —430. 
Choices to light —242. 



* Of these 121, 14 or 11.5 per cent were Light-Left. 


TABLE 5 
Rat W9 


Day 

Correct 

choice 

Dark 

choice 

Right 

choice 

Combined 

habit 

1 

44 

52 

60 

81 

2 

50 

54 

75 

90 

3 

52 

78 

56 

90 

4 

46 

71 

71 

96 

5 

40 

60 

87 

98 

6 

50 

50 

100 

100 

7 

50 

50 

100 

100 

8 

50 

50 

100 

100 

9 

50 

52 

96 

98 

10 

50 

50 

100 

100 

11 

50 

50 

100 

100 

12 

52 

52 

98 

100 

13 

50 

50 

100 

100 

14 

50 

54 

92 

98 


Choices to right 593. Choices to dark—369. 

Choices to left 79.* _ Choices to light—303 . 

* Of these 79, 24 or 30.3 per cent were Light-Left . 
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TABLE 6 


Rat H58* 


Day 

Correct 

choice 

Left 

choice 

Day 

Correct 

choice 

Left 

choice 

1 

44 

69 

8 

54 

98 

2 

46 

92 

9 

50 

96 

3 

50 

96 

10 

50 

100 

4 

56 

H 

11 

50 

96 

5 

50 

100 

12 

50 

100 

6 

54 

96 

13 

50 

100 

7 

52 

94 

14 

50 

100 


* Since this animal showed but one habit there are no data for his “combined habits.” 


TABLE 7 


Rat H69 


Day 

Correct 

choice 

Dark 

choice 

Left 

choice 

Combined 

habit 

1 

62 

67 

50 

83 

2 

44 

56 

65 

85 

3 

35 

48 

27* 

62 

4 

60 

69 

44 

81 

5 

52 

98 

48 

98 

6 

50 

92 


100 

7 

56 

85 



8 

48 

81 



9 

58 

75 

71 

98 

10 

50 

92 

58 

100 

11 

48 

81 

60 

96 

12 

48 

81 

60 

96 

13 

52 

79 

60 

96 

14 

48 

69 

69 

94 


Total responses—672. 

Choices to dark—515. Choices to left 385. 

Choices to light—157.f Choices to right-~287. 


* A right position habit. 

f Of these 157, 53 or 33.7 per cent were Light-Right. 
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TABLE 8 

Bat H73 


Day 

Correct 

choice 

Dark 

choice 

Left 

choice 

Combined 

habit 

1 

58 

54 

54 

79 

2 

54 

75 

46 

83 

3 

48 

69 

60 

90 

4 

46 

79 

38 

85 

5 

52 

St 

56 

H 

6 

50 

87 

■58 

98 

7 

52 

65 

1 77 

96 

8 

52 

7$ 


too 

9 

50 

8$ 


too 

10 

52 

75 


98 

11 

50 ; 

88 

BsH 

too 

12 

48 

77 

69 

98 

13 

46 

79 

67 

m 

14 

50 

87 

62 

too 


Total responses—672. 

Choices to dark—511. Choices to leffc~4l8. 

Choices to light—161.* C hoices to right- 254. 

* Of these 161, 89 or 24.2 per cent were Light Light. 




TABLE 9 
Bat 1174 



Day 

Correct 

choice 

•2J 
• - 
£tJS 

ttiuht 

choice 

Combined 

habit 

1 

52 

78 

11 

m 

2 

50 

77 

71 

98 

3 

48 

m 

77 

98 

4 

52 

78 

69 

96 

5 

48 

88 

65 

too 

6 

54 

HS 

67 

too 

7 

52 

8t 

I m 

98 

8 

46 

78 

71 

98 

9 

60 

88 

60 

98 

10 

48 

90 

60 

too 

11 

54 

78 

78 


12 

52 

88 

65 

too 

13 

m 

78 

78 

too 

14 

m 

h:> 

m 

too 


Total responses--#?^. 


Choices to dark—584. Choices to rifeht 445. 

Choices to light—138.» Choi c es to lof t • 227, 

* Of thwe 138,13 or 10.8 per cent were t.ijht-I.r/i. 
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When the percentage of responses exceed the percentage that 
might be expected by chance (50 per cent ± 3a) the entry is 
made in italics. Thus an entry in italics opposite any one day 
and under any given rubric indicates that on that particular day 
the animal was responding in the indicated systematic manner. 
(In both the curve and the tables some data are labeled “Com¬ 
bined habits.” These data are explained in detail on page 58.) 

The first striking fact that stands out from an observation 
of these individual records is that every animal established at 
least one definite. “hal)il ,J ; not one animal showed 4 ‘chanced’ 
responses. In table 1(> 7 these habits have been summed up and 
it is seen that, almost every rat adopted not one but two habits, 
while one rat (No. <>) adopted four different, habits during the 

experimental period. 

Of the eighteen habits adopted by the animals ton were 
spatial, and eight, visual. While this is rather an even division 
it would be inaccurate to suppose that, the animals showed no 
preference for either kind of response or habit. Homo of the 
animals scented to definitely prefer a visual habit. (1 Kill, Hoi, 
H74) while some rats preferred a spatial habit. (W2, WO, W7, 
W8, W9 and 115)8)." In other words, while all the rats might 
have adopted, tit. some time or other, both a. visual and spatial 
habit, one of these was persisted in decidedly more frequently 
than the other (see tables 1 to fi). 

Such definite individual preferences undoubtedly result from 
something other than chance. We have, unlortunately, not 
enough animals here to treat, the two preference, groups as such 
and attempt; to correlate these performances with any other 
factors, but it is significant that all three of the animals which 
preferred a visual ■ habit were pigmented animals and animals 
whose ancestors were notoriously poor on maze performances.® 
The animals which preferred the spatial habit were albinos and 

7 Tho data for thin tnldo worn dorlvod by noting tor oach animal tho 
particular habit or habits which nhowod at any timo n groat or fmpionoy 
than ehanoo (50 por coni 3<r) oxidation*. 

a An “H” indicate a pigmontod animal and a “W, M an albino, 

0 Tryon (5). 
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supposedly rats of average maze ability. The ease is of cours 
not so clear-cut as one might wish since one of the pigmentei 
animals (H58) also preferred the spatial solution. Further th 
number of eases is altogether too small to justify any extende* 
treatment of these aspects of the data, but they do suggest som 
extremely interesting possibilities and open up new avenues o. 
experimental approach to the problem of the genesis of behavioi 
patterns. We shall here indicate merely one possibility. 

The animals which preferred a. non-spatial solution of tin 
problem (i.e., those which adopted a. visual one) were animal 
which, arguing from the records of their ancestors, would b< 
poor in spatial performance. (The reader is again referred t( 
Tryon’s report.* 5 ') Having pigmented eyes, they would b< 
better visual animals than the albinos, as Robinson and Wever <8) 
have shown. When placed in a situation which allowed them 
to establish any habit such animals adopt, a “visual” one' 
whereas the other animals, being better “spatial” and worse 
“visual” animals in the very same situation, muter the influence 
of the very same external stimuli adopt, spatial habits. This 
argues at once for the hypothesis that, the behavior of the animal 
was not a product of, and was not initiated by the immediately 
presented situation only, but rather that the adoption of orderly, 
systematic responses represents an interpretation of the data 
presented, a personal interpretation which is a function of the 
animal’s past experience, genetic, make-up, and physiological 
equipment. The external environment does not “work” upon 
a passive and neutral organism, rat her, the organism works 
upon the environment. 

This conclusion, however, dews not need to rest upon the 
meager data just discussed. The very fact, that every animal 
adopted a uniform response shows at. once tin* inaccuracy of 
ascribing to the external environment, all responsibility for 
initiating systematic behavior. The environment, was so con¬ 
trolled here as to make it ineffective in forcing any orderly series 
of responses. Yet, despite this, despite the fact, that the “laws” 
of frequency, intensity, and effect, were given no chance to work, 





57 


1932 ] Kreehevsky: Genesis of “Hypotheses ” in Bats 

every animal quite definitely adopted and brought to perfection 
at least one systematic habit. 

A greater insight into the rats’ behavior can be obtained by 
considering individual performances. The animal, as a rule, 
adopted one habit, persisted in it for a while, gave it up, and 
adopted a second habit, and in some cases a third and a fourth. 

Thus H73 first adopted a dark-going response which he main¬ 
tained for about, five, days, then, suddenly, he adopted a left¬ 
going habit, for a day, then went back to the dark-going habit. 
But perhaps the best illustration ot such behavior is that of W6 
(table 2). On his first day he adopted a visual-preservance 
habit, on the second day, a spatial-alternating habit, then, for 
nine days, a right-going habit, and for bis last two days, a dark¬ 
going habit, (see here fig. 2 also for a more graphic representation 
than table 2). There, can be no doubt, then, that a systematic 
and unified series ot responses can be initiated by the animal 
himself in spite of his environment."’ 

In looking through the individual records one sees again and 
again an apparently improbable fact. On some days it would 
seem that the animal is responding to a, spatial habit; and to a 
visual habit. Thus the record of 1174. on the eleventh day, indi¬ 
cates that 75 per cent, of his responses were made on the basis 
of a right, position habit and 75 per cent, of his responses, on a 

30 An hvpothcfdN such ns is outlined hum dot's not throw ovorboiinl the 
environment. When we wiy that an animal ran adopt a systematic, response 
“in. spite of ids environment’' we do not imply 1 that, the animal can so 
behave in. iwi«>. The environment is an essential part, to consider when 
describing the animal’s behavior, hut to assume that the environment is of 
primary importance and tiiat. the immediately pr<*sented stimuli are respon¬ 
sible for the in ilia turn of behavior is, we believe, iwu-eura.te. Probably the 
first psychologist to point out the possible differentiation between stimuli as 
behavior and stimuli 4 4 support in p * 1 behavior (which is essentially 
the differentiation which we are trying to make) is 10, <1 Tolman. I olman, 
in his Purposive HchaH ot itt Animals and Men* elaborates upon this distinc¬ 
tion which has apparently escaped earlier recognit ion. * * A rat , 7} writes 
Tolman, il . . . . in a, diseriminat ion box .... cannot * choose* the white 
side from the black without actual whites and blacks continuously to sup- 
port and verify such a choice.*In other words, while the clwosinp, the 
behaving, is not initiated by the blacks and whites, still, unless the, blacks 
and whites were there, the animal could not so behave. The environment 
determines which, of all the behavior units the animal can apply (a priori 
to experiencing this environment) he shall npp)>\ This is^ giving to the 
environment a limit inp function and not an initiating function. 
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dark-going habit. Seventy-five per cent is of sufficient magni¬ 
tude to assure us that neither of these responses was a chance 
one. The explanation is of course simple and obvious, hut the 
implications that follow are of extreme significance. 

These two kinds of responses, spatial and visual, overlap in 
many cases. For example, in entering a darkened alley which 
is on the right side of the box, the animal is at the very same 
time responding in both a visual and spatial manner. Thus the 
animal might pile up his score for either kind of habit. But, in 
order to show as high a percentage of consistency as 75 per cent 
in both responses, the animal can make no entrances, or very few, 
into a lighted alley which is on the left side; for such a response, 
if made significantly frequent, would prohibit either of the other 
habits from reaching 75 per cent. What this means is that every 
time the animal departed from his dark-going habit he did so 
only to enter an alley on the right side of the box; never did he 
depart from his visual habit to enter an alley on the left side. 
In other words it may be that on any one day the animal may 
have been responding not on the basis of one habit but two habits, 
a visual and a spatial one. 

Detailed examination of the animal’s responses shows that 
such was actually the case. Under the column ‘ ‘ Combined 
habits is shown, for each day, the percentage of responses 
which fitted in with either of the two dominant habits that the 
animal may have had at the time. Thus for rat H74 on day 
eleven, every response which the animal made was either a turn 
to the right or an entrance into a dark alley. His combined score 
is 100 per cent. This cannot be a “chance” result, since chance 
would lead us to expect that of the 12 times the rat departed 
from his dark-going response, 6 of them should have been 
entrances into the lighted-Ze/#, and 6 into the Ughted-right; or 
of the 12 times he departed from the right position habit, 6 of 
them should have been into the lighted- left and 6 into the 
darkened-leit. Of course the number of eases is so small as to 
allow one to argue that by chance all 12 happened to be on the 
left side, and that no significance should be attached to that 
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fact If, however, one considers the history of the animal’s 
responses (where it is at once seen that the animal seemed to 
prefer the right side and the dark alley throughout), such a 
criticism becomes improbable. But we do not have to depend 
upon that. If we consider all 672 responses of the animal we can 
prove beyond doubt that the argument of chance cannot hold. 
Of the 672 responses, 524 were to the dark and 128 to the light. 
Chance would then repuiro that ot: these 128 times when the 
animal did depart from the light, 50 per cent of them (or 69 
responses) should have been to the left. As a matter of fact 
only 10.9 per cent (or 15 responses) were to the left. Here the 
numbers are large enough to assure us that, the animal was not 
making chance responses whenever he departed from his light- 
going habit. A similar analysis for every other rat. reveals the 
same thing. (The reader is referred to tables 1 through 9 and 
especially to the footnotes to these tables.) 

This fact is brought out, even more convincingly if we group 
several animals together. It will be seen from the individual 
records that six animals (\V2, Wfl, W7, W8, W9, and 1174) 
showed as llveir dominant, habits a dark- and a right-going 
response. If we treat these animals as one group we find that 
of the total of 4M2 responses only /M.V (or 4.6 per cent) did 
not fit in VH-th either “ hypothesis ” of the rat (table 11). Of 
the 1446 responses which the animals made, which were, not in 
keeping with the dark habit., only 12.6 per cent, were entrances 
into the left-lighted; where, if these non-dark responses were 
chance responses, we should have expected 60 per rent, oi them 
to be left-light. 

The same thing holds true for the two rats which adopted for 
their habits a darlc-going and a left-going habit. Their records, 
treated in the same way, show that out ot the total of 1,244 
responses only 9‘2 (6.8 per cent) fitted in with licit her habit. 
Of the 218 times that the two animals chose the light, only 28 
per cent were turns to t he left (table 12). 
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TABLE 10 

Habits Adoited by Animates 
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Then* can be no doubt that the score tfiven in the “eombined- 
habit.” column really represents a valid fact and not an artifact. 
That, is, it* mijthf he argued, as was pointed out. in a pievious 
paper,'" 1 that by calling five;/ response a “systematic” one and 
by comb hi ini i all these various “systematic” responses we would 
have ipso facto no “chums 1 ” responses left. A detailed exam¬ 
ination has shown that these “combined” scores represent, two 
scores which are not chance scores in themselves, but which 
are results of two definite causes. It* is necessary, however, to 
determine the maximum “combined” score we could expect, by 
chance for any one day. This is quite easily done by the 


formula <r 



Let. us assume a special caw* when* the, 


combined score consists of the scores for a dark-froinj; habit and 
a left-tfomK habit, t'hanoe would loree the animal to cntei the 
dark alleys 50 per cent of the time, but of this 50 per cent, 


25 per cent* would be turns to the ripdit, and 25 per cent turns 
to the left. If now we calculate the combined score for this 


chance animal (dark responses plus lelt responses), we would 


credit him with 50 per cent for the dark responses plus -■> pci 
cent for the left responses, or a total of m per cent lor tin 1 
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combined score. 11 This is the expected chance score for 
combination of any two habits (that is, any spatial and 
visual habit). Substituting- this value in the above forn 

we get <T— <r - .(>62; .’hr ■ .186. 1 f then any “ c 


bined” score for any one day exceeds !>:i,6 per cent (75 _|_ 
we can be fairly certain that that combined score represt 
systematic behavior on the animal's part. 

These combined scores have mope significance than to pr 
that an animal may he responding to more than one “hyp, 
esis” on any given day. They further substantiate the th 
that during the entire performance of the animal there are v 
few unsystematic, random, chance responses. For example ' 
during the fifth and sixth day is obviously responding to a da 
going habit; on the eighth day and thereafter the animal is j 
as obviously responding to a right position habit; baton 
seventh day it appears that the animal is responding to neitl 
habit and is running in a chance and aimless fashion, for neitl 
his dark- nor right-going habits occur frequently enough 
assure us that, they are more than chance fluctuations. If he 
ever, we examine the combined score for that day we find tl 
only 4 per cent (or 2 chances out of the 4HI wen* to the Hghti 
left side ol the box. In other words, this day represents atn 
sition period in the animals’ behavior. He is dropping the visi 
habit and assuming the spatial habit, but neither habit is do 
inant as yet over the other; the animat vacillates between f 
two, but in any case, the animal is nut running bv chance, 
appeals tiiat we would probably la* justified in saying th 
at no time doiss the animal run by chance, When our data i 
not entirely support swell an ineltisive statement if. is probab 
because of the lack of a sufficiently Hue method of analysis. 13 V 
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w sea, throughout that, tin- liner ,,,,1 more .l.'tail,',! «r moke 
“ a , m m,.ti<m »t the .lata, «... le» U...I lew a-» We ™i m »l 
ar to bo a “chance” animal. It would be a gratuitous 
assumption to suppose that wo now have a complete insist into 
an of the animal’s behavior possibilities. 

We may very well find that our older descriptions of the 
lower animals’ behavior as consisting id’ “stereotyped,” ‘‘hap¬ 
hazard ” “non-insightful” responses are to he attributed not to 
a lack’of insight, on the animals’ part but rather to n lark of 

insight on the experimenters part. 


CONt’ld’HION'H 

Nine animals were presented with a situation so eontr.dled 
as to remove any possibility that tin* factors, fmjuenoy, recency, 
and effect, might, eanse the animal to adopt any deihdte form 
of response. Despite this alt the animals adopted one, and in 
most cases more than one, systematic, uniformed lorm id 
response. From a, eonsiderntioti of these results the following 
points arc made: 

1. The rat, when placed in an unsol cable situation, dors mg 
respond in a helter-skelter chance fashion, but makes a scries of 
integrated, unified attempts at solution. 

2. These systematic responses are partly, at least, initiated 
by the animal himself ami are not altogether merely a resultant 
of the immediately presented external situation. 



very well olmouro munit of our results, for some of the score* which fall pint 
below 50 per cent r*; .V, may not, be owing to ehimeo «t all. lUUmutfh w« 
have, to bo more eertnlu of our tlttfti, mo hiMott tlo-m. 
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[H1VKKKW ( T< ) K HMMOYAMW liKWAKI) ON 
THWMAHK PHIv'KOliMANnPP 1 liATS. IP 


BY 

ltouKirr uAiiij munno 


In Study l (volume 1. pp. W -H) it was f<>»»d that, when 
the reward was removed after a (minim' period of ten days in a 
square maze, there was a sipniticaut increase in distant and in 
tinu' ATti'r lii days id’ such continued running ut tin 1 maze witli- 
out receiving food, deprivation of fund for t'J Imurs, instead of 
the usual IS, caused a still laryyr increase in excess distance and 

in time. 


P’OHTY MKillT imi'i; UltntT 

(UitotT d) 

In the present stinlv the performance just summarized is com¬ 
pared to I hut of a protip that had been run ami fed ••very -IS hours. 
Ah a secondary cheek a new food box with food in it was introduced 
for (lavs ten, eleven, and twelve, to see it" the mere difference of the 
food hox would affect maze performance, irrespective ol the pres¬ 
ence or absence of reward. The saute maze and general tcc.hmqno 
were used as in the previous study. 


♦Profomor Kdwnrd tl Telman nod Pr.dVrmr Wnnt.-r Brown, of tlm' Urn- 
varsity of California, were tfmermo of advice nod eritletsm white 
mmit was in [(ropre’w, Profea-uir Siomnd Itcioitmw •iml 10 ‘”,p , , ■ ‘ nd 

handiuTo, of the Ohio Sit at,- V on .-ret > , mi well :ei I ro * } <>l ' 5 ‘" iM |. 

e.ritiei/.eil the mameieiipt. I -dn.iiM nl-io Id.e to nehnowloUpo o ‘ ‘ ' 

anro of Mr. Ulmer Royer who ,'wisted In the wtntwtienl vvoik, nnd M . 

Frank Htnritmi who prt'fmrwl th«» grttplw. 
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DETAILS OP PROCEDURE 

Group 1, an experimental group, was composed of 12 rats 6 
hooded and 6 albino. It was run and fed every 24 hours,- the food 
reward for this group was removed after the tenth daily trial 
when the curve of learning had become relatively stable. Since the 
animals could not know that food was to be removed on the 
eleventh day, the performance on this eleventh day belongs with 
that on the first ten days. Group 2, serving as control for Group 1 
was composed of 7 hooded and 7 albino rats. These rats were run 
and fed every 24 hours throughout the 26 days of the experiment 
Group 1 and Group 2 are, respectively, the “experimental” and 
“control” groups of the previous study. Group 2, a second experi¬ 
mental group composed of 24 albino rats, was run and fed every 48 
hours. All the animals of Group 3 had the food reward removed on 
the fourteenth day of running (the curve of learning then indicat¬ 
ing a relatively stable level of performance). The performance on 
this fourteenth day is to be counted with that of the preceding 13 
days, since again the animals could not know that on the fourteenth 
day that they were to receive no food. 

All rats were males and approximately three months old at 
the beginning of training. After any run each rat was confined 
approximately 12 minutes in an individual food compartment. 
Groups 1 and 2, run every 24 hours, received the normal ration but 
roup , xun every 48 hours, received double this ration as it was 
not fed again until it had completed its next run 48 hours later. 

In addition, there was one ‘ ‘ double-hungry ’’ day when groups 
and 3 were kept an added 24-hour period without food, a total of 
42 hours for Group 1 and of 66 for Group 3, and were then placed 

In e i maZe ' Tlie 42 and 66 ~ hour interims are explained by the fact 
that during the non-reward period the animals were fed 6 hours 
after being taken out of the maze. Tins ‘ ‘ double hunger ’ ’ occurred 
on trial 24 for Group 1 and on trial 20 for Group 3. To serve as an 
experimental check to see whether a new food box in itself, without 
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change in reward condit ions, would modify maze performance, a 
new box with food in it, was used with one-half of Group it (i.e., 
Group 3a) on trials 11,12, and lit ; while with the other half of the 
group (Group 3ft) the food box was not changed. 


RESULTS 

1. Results previous to removal of reirani .—'All three groups 
showed a normal learning curve, hut the 48-hour group, Group it, 
did consistently more running about in the maze, and took propor¬ 
tionately more time in so doing. That there was really an extra 



excess distance for ({roup !l as compared with Groups 1 and is 
shown by the fact that while the averages of the percentages ol 
long paths taken to the food box show a diflerenee between the —4 
and '18-hour groups of only <>. l per cent, tho averages ol excess dis- 
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tance covered by the two groups show a difference of 2.189 units of 
excess distance for the 48-hour group. This can be seen by inspec¬ 
tion of figures 1 and 3 and table 1. 


TABLE 1 



i 









Days 

Average excess < 
per rat 

iia tance 

Average time in seconds 
per rat 

Percentage of rats taking 
long path 

Groups 1 and 2 
24 hours 

Group 3 
48 hour? 

1 Groups land2 
( 24 hours 

Group 2 
48 hours 

Groups 1 and 2 
24 hours 

Group 3 
48 hours 

1 

6.83 

16.73 

130.5 

652.4 

58.6 

50.0 

2 

5.16 

5.42 

40.5 

60.4 

52.2 

50.0 

3 

3.69 

8.13 

25.3 

82.3 

25.2 

50.0 

4 

4.70 

5.80 

37.3 

42.6 

43.4 

41.5 

5 

3.59 

4.13 

25.5 

30.9 

35.3 

71.0 

6 

2.79 

5.25 

23.6 

37.3 

42.3 

33.5 

7 

4.67 

3.42 

26.3 

24.3 

61.9 

41.5 

8 

2.62 

4.50 

32.5 

22.7 

31.2 

50,0 

9 

1 

.29 

2.34 

15.3 

15,5 

27.3 

37.5 

10 

1.79 

3.00 

14.1 

21.4 

27.0 

25.0 

11 

1 

.76 

4.25 

12.4 

20.8 

27,3 

41.5 

Food 
removed 
(Group 1) 

Group 1 

Group 2 


Group 1 

Group 2 


Croup 1 

Group % 


12 

5.91 

1.14 

3.46 

48.48 

9.31 

23.6 

25.0 

29,0 

52.5 

13 

14.91 

1.42 

2.34 

231.0 

7.07 

13.3 

33.3 

29.0 

37.5 

14 

17.16 

.85 

2.50 

225.25 

7.42 

29.6 

83.4 

21.3 

29.0 

Food 










removed 
(Group 3) 










15 

9.91 

.57 

8.71 

69.54 

4.55 

64.8 

41.6 

13.8 

41.5 

16 

18.91 

2.92 

7.88 

216.96 

9.77 

105.7 

60.0 

50.0 

23.5 

17 

12.34 

1.42 

5.84 

114.48 

10.88 

57.8 

66.6 

35.5 

58.5 

18 

8.41 

1.14 

4.21 

186.16 

1 7.31 

49.4 

50.0 

35.5 

37.5 

19 

10.75 

.28 

5.00 

90.93 

3.95 

46.3 

41.0 

06.6 

54.5 

20 

9.41 

1.85 

* 6.23 

108.90 

7.48 

* 142.1 

66.0 

42.9 

* 33.5 

21 

8.91 

1.42 

7.75 

117.13 

5.31 

145.2 

50.0 

29.0 

45.5 

22 

5.33 

1.57 

5.79 

63.03 

7.12 

131.0 

33.3 

21.3 


23 

7.66 

.85 


104.73 

5.41 


58.4 

21.3 


24 

*22.5 

.85 


*286.6 

4.51 


*58.4 

21,3 


25 

10.91 

.85 


206.16 

4.8 


66.6 

21.3 


26 

9.66 

.78 


400.58 

6.72 


58.4 

13.8 



Double hungry. 
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2 Results when food box teas changed. —When the different 
food box on days 11, Id, anil Id was used in the maze for Group 3a, 
food was still found by the animals at the. end of each run. An 


TABLE 2 

I’EM’OB W A NOB WIIRN 1''<H>1> BOX WAS OlUNOED 



TU'.I.H :t 

Comparison nmvww Mkans ok < imams »<t and U whbn a I>u«k.kot Foo» 

BOX, tfONTAININlI W AH KtlHHTmiTITO* _ 

I dintnm^ I Timo 


Group ltd ..... 

Group 'M> . 

Difference,...,...... ... 

Fisher t.... .. 

Probability differonee 
duo to etmnee .... .. 


r» 42 
\ , 50 

a 02 

;; 02 i 
Ions 

than 01 


a . 07 
t. 00 
2,07 
2.240 
.02 to 
.05 


ao .4 
23.0 
15.8 

1.319 


10.6 
13.6 
3.0 
0.816 
.40 to 
.50 


inB th^di(t.T.-n^ in whi.-h .iiAinil .•» th» ohufinw nn, botwoon 

fiveami t“'»100 ltmi <t>Vt.j*»«’j> <J»' »'™{H |'2“{'‘nh,*r‘itfA., “Statis- 


insi)<H*tiori of tables 2 am 
si^nifioaul diffemiee on 
scores, (Qualitatively it 


1 :S indicates I bat. there was a statistically 
dav 12 in both time and excess-distance 
was observed that; the animals hesitated 
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;uul hwui.mI to wit It** “confidently” hut this tendency seemed 
short lived. The food seems to he undoubtedly the focal stimulus 
That is t«. say. although the rats could discriminate the box as a 
different hex, so hm* as it was "a box-containiuK-food” there was 

ini tumtinuul disturbance in maw performance. 

:i, Hrsiilis whni fowl mis rrmmml. .-When the food was re- 

iiitn'inl there was mi increase far hath groups ((humps 1 and 3) in 
races* distance and u tmrmspondmg increase in time. (See figs 1 
and h 1 ami tables 1 ami L ) This rise warns fa he eharneteristie and 
has been observed by alt investtgttfors (see Literature Citedp. 82 ) 

if .Htifftiilt be noticed that Urotip I, the group run and fed every 
thi hours, rme more in both excess distance and time wares than 
did Urotip k t» the -H-tnoir group. An inspection of table 4 indicates 
that flmtv was n significant difference between Group 3 and the 
cmtfr^S group, hut if seems doubtful that the difference between 
Ho* hv * * o\p»*ri>uoutul groups either in the time or the excess- 
distance homivt ean In* considered significant. 

I IA a/ *♦ ivht n rem urif **douhh kmujrijd' When both 
hrmtpT 1 ami 3 had mieliml a relatively stable level of perform¬ 
ance .dVr the food reward %\m removed, an added iMdnmr period 
without sd«td ini’t infrtitlneed between trials for each group. This 
was rtitri* fbe iwen?\ third trial for Group i and after the nine¬ 
ty lit L *n.d sVr Group d i See table l ( i An inspect ion of table 4 
tmheafe^ that there h a Hat tdleatlv reliable difference between 
Group* 1 aiol e m Hie niTvi distance scores and probably in the 
tree* e*<iv*,, adlo-iigh Him last it not ih reliable. This inereased time 
in rM4,um nG op w* H*,e mu/e for tie* vnU of Group If continued on 
fretG Pt tiieI G! eu*u fboimb they were no longer 4 'double lum- 
or> H 4 po appear# that then* onmaftsftenlly relifibledifference 
>n He- -vp - 1 11 vd'.faiiet* ipore♦ between fin* two experimental groups, 
fir .rr ? <T J and d on the *mS when they wen* both “double lum- 
\h \ “ 5h- : 4 I hour orouf* dooAtw the grouted rise in the excess- 
b ,J .** TP 1 rev 

H.»' >'a> i.t* uHb trod, »inii the rot i of Group 1 were put 
p,r- Ho* whet,* not hungry, fliey Homed a large increase in 
Pj HiO' pje euP i, t HG 31 b 1 
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TABLE 4 


Comparison- between" Means of Groups 1 and* 3; and* Groups 2 and 3, when 
Pood was Removed- from Groups 1 and 3 



Excess distance 


Time 

" *—~ 


Group 1 trials. 

12 

13 

24 

12 

13 

24 


Group 3 trials. 

15 

16 

20 

15 

16 

20 

Group I 

Group I Mean. 

5.91 

14.91 

22.5 

48.48 

231.0 

286.6 

(n=12) 

Group 3 Mean. 

8.71 

7.88 

6.23 

64.8 

105.7 

142.1 

and 

Difference. 

-2.80 

7.03 

16.27 

-16.32 

125.3 

144.5 

Group 3 

Fisher t. 

.833 

1.057 

2.242 

.689 

0.414 

.964 

(n=24) 

Probability differ- 








ence owing to 








chance. 

.40 to .50 

.20 to .30 

.02 to .05 

.40 to .50 

.60 to .70 

.30 to .40 


Group 2 trials. 

12 

13 

24 

12 

13 

24 


Group 3 trials. 

15 

16 

20 

15 

16 

20 

Group 2 

Group 2 Mean.. 

.57 

2.92 

.85 

4.55 

9.77 

4.51 

(n=14) 

Group 3 Mean. 

8.71 

7.88 

6.23 

64.8 

105.7 

142.1 

and 

Difference. 

-8.14 

-4.96 

-5.38 

-60.25 

-95.93 

-137.59 

Group 3 

Fisher t. 

3.996 

2.505 

2.372 

3.155 

2.573 

1.329 

(n=24) 

Probability differ¬ 








ence owing to 

less than 

slightly 


less than 




chance. 

.01 

over .01 

.01 to .02 

.01 

.01 

.10 to .20 
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SUMMARY AND CONCLUSIONS 

1. When the reward was removed from a group of rats run 
every 48 hours in a square maze there was the same sort of a sig¬ 
nificant rise (although not so great) in excess distance and m time 
as was found previously with rats run every 24 hours. 

2. When hunger conditions were increased the 24-hour group 
showed larger increases in distance run and in time consumed than 
did the 48-hour group. 

3. A different food box with food in if was introduced (with 
the 48-hour group) in the early part of the experiment before the 
food reward was removed. This produced a temporarily significant 
change in the rats’ performance, after which the performance 
tended to resume its previous course. 


LITERATURE CITED 


Bruce, R. H. 

1930. “The Effect of Removal of Reward on the Maze Performance 
of Rats. 3 3 Unw. Calif. Pull, Psychol., 4:203-214. 


Grindley, G. C. 

1929. “Experiments on the Influence of the Amount of Reward on 
Learning in Young Chickens. ’ ’ Brit. Jour. Bsyohol., General 
Section, 20:173—180. 

Sharp W. Tj , 

1929. ‘ ‘ Disintegrative Effects of Continuous Running and Removal of 

the Food Incentive upon a Maze Habit of Albino Rats.” 
Jour. Comp. Psychol., 9:405-423. 


Tolmast, E. C.j and Honzie:, C. H. 

1930. “The Effect of the Introduction and Removal of Reward upon 
Maze Learning. 5 * TJniv. Calif . Puhl. Psychol., 4:257—275. 








THE EFFECT OF REMOVAL OF REWARD OH 
THE MAZE PERFORMANCE OF RATS. Ill 


BY 

EGBERT HALL BRUCE 


FOOD PUT BEHIND WIPE MESH 
(Group 4) 

In this third study the effect not of complete removal but of 
placing the food reward behind a wire mesh is investigated. Group 
4, composed of 26 albino rats, like Group 1 (see p. 66), was run 
and fed once every day until day 11. Instead, however, of entirely 
removing the food from the box, as was done with Group 1, the 
food was placed behind wire mesh. This enabled the rat to see and 
smell the food, but prevented his eating it. The problem was to 
see the effect upon maze performance of having the food reward 
present but uneatable, thus allowing the organism to make the 
pre-current responses, but barring the consummatory response of 
eating. 

All rats of Group 4 were of approximately the same age, three 
months, and were of the general laboratory stock. Until the elev¬ 
enth day they, like Group 1, were fed in the food box at the end of 
the daily run, and when the food reward was removed they, like 
Group 1, were fed six hours later in their cages. 

The same maze and general technique were used as before. 
Finally, the rats of Group 4 were also given a “ double hungry ” 
day—an added 24-hour period without food—before the twenty- 
fourth trial. 

Fisher “t J ’ functions, to indicate the reliability of the differ¬ 
ences between the means of the three groups for both the time and 
the excess-distance scores, were computed for trials 10,11, 12,13, 
14,15, and 24. 
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RELIABILITY 

The reliability of the maze under reward conditions and two 
types of non-reward conditions, as measured by the correlation of 
odd versus even trials, was computed for Group 4 of this study and 
for Groups 1 and 2 of the previous studies. This was done to see 
how this square type of maze would compare with the multiple T 
type of maze on which reliabilities were computed by Tolman and 
Honzik (1930). 

RESULTS 

1. When the food urn removed. —When the food was removed 
from Groups 1 and 4 there was a significant rise in both the time 
and the excess-distance scores. (See figs. 1, 2, and 3, and tables 1, 
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2 and 3.) An inspection of table 1 and figure 1 indicates that the 
rats of Group 4, which had the food present behind wire mesh, did 
n 0 t run around in the maze so much as Group 1, Evidently the 
fact that the food was present even though uneatable served to 
modify significantly the performance of the rats. Quantitatively 


TAIUiK 1 


Day 


Average exeejw distance 
per rat 

Average time in second* 

per rat 

Percentage of rata 
taking lomt: path* 

(Iroup l 

(iroup 2 

(iroup 4 

t iroup 1 

(iroup 2 

(iroup 4 

(Iroup 1 

(iroup 2 

(iroup 4 

4 30 

11 33 

11 85 

03 13 

107 84 

357 42 

38.5 

78,7 

40.2 

ft 53 

4 78 

t) 31 

411 27 

43 73 

210 54 

61,5 

42,4) 

42 3 

4 38 

3 0 

8 m 

20 24 

21 34 

00 40 

7 8 

42.4) 

38,5 

3 33 

0 07 

i> mi 

35 41 

341 10 

180 40 

33 3 

53.5 

40 2 

4 33 

2 88 

0 0 

3ti ill 

15 0 

131 15 

41 0 

241,0 

15.4 

2 0 

3 87 

4 12 

20 58 

27 0 

42 23 

41 0 

42 I) 

42.3 

3 33 

4 0 

4 «W 

Ul 5 

33 77 

30,81 

00 0 

57 t 

38 5 

2 tin 

2 87 

4 88 

20 01 

45.04 

33 15 

33 3 

241 0 

34,0 

l 38 

1 0 

3 35 

ii on 

22 51 

24 77 

33 n 

21 3 

34,0 

2 0 

1 87 

2 81 

15 78 

13 55 

20 15 

28 0 

20 0 

20 t) 

2 till 

.88 

1 118 

14 85 

11 111 

18 58 

33,3 

21 3 

10 2 

5 ill 

I 14 

7 27 

48 48 

0 31 

ill 40 

25 0 

20,0 

42 3 

14 III 

1 4*2 

8 27 

231 0 

7 0/ 

111 02 

33 8 

241,0 

34 0 

17.16 

.85 

4 88 

228 2ft 

7 42 1 

40 im 

83 4 

21,3 

40,2 

tun 

87 

5 ini 

mi 54 

4 85 

01 85 

4 Ml 

13,8 ! 

Ilk 2 

18 ill 

8 82 

4 23 

2in trn 

tl 77 

41 02 

00 (1 

60 0 

38 5 

12.84 

1 42 

n on 

114 48 

10 88 

80 12 

00 0 

35 ft 

38,5 

8 41 

l 14 

5 OH 

inn in 

7 31 

45 ft 

50 0 

35 5 

50 0 

io n 

28 

4 50 

no mi 

3 115 

87 42 i 

41 0 

0 0 

30 8 

t! 41 

1 88 

5 15 

10H SI 

7 48 

00 85 

00 0 

42 0 

42 3 

8 ill 

1 48 

8 82 

it; in 

ft 31 

55 78 

50 0 

241 0 

40 2 

r» 33 

t 37 

3 58 

08 <18 

7 18 

38 05 

33 3 

21 3 

34 0 

? on 

88 

3 till 

104 78 

5 41 

45 5 

58 4 

21 3 

20 41 

82 rr 

83 

2 15* 

280 r 

4 81 

22 02* 

88 4* 

21 3 

38 re 


* Double hungry, 


this is shown most clearly on day M when both t he time and excess- 
distance scores show a significant difference between the means of 
Groups 1 and I. (See tables 2 and 3.) Qualitative observations 
hear out < his general!/,at ion, for tin* ruts of Group 4 were observed 
trying to reach the food in (he box by stretching their ton* limbs 
through tin* mesh, flat toning themselves against t he wins and gen¬ 
erally behaving as though the food emitinued to Ik* a focal st imulus. 
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although uneatable. That this behavior was persevered in is shown 
by an inspection of table 1, which indicates that never after day 12 
did the rats of Group 4 exhibit so much excess distance per rat as 
did the rats of Group 1. This tendency is also shown by the fact 



that the rats of Group 1 took the long path to the food box more 
consistently than did the rats of Group 4. (See fig. 3.) It would 
appear that the pre-current responses involved in seeing and smell¬ 
ing, are enough of a surrogate for the consummately response of 
eating to keep behavior oriented toward the food box. 
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2. Results when the rats nr re “double-hungry .**—That the 
above discussed factors are the determinants of performance is 
made even more evident by an inspection of the results when the 
rats of Groups 1 and 4 were made “double-hungry.” This was 
accomplished by adding 24 hours without feeding between the 
trials, thus having a total time of 42 hours since the rats had been 
fed. When this was done the rats of Group 1, with the food entirely 
removed, showed an increase ■ in distance run about in the maze, 




0 2 4 6 & JO ia 14 16 18 2o 2$t 24 

Trials 

Fig. 3. Percent ag«’ of Hnl h Taking Fong Paths 

averaging 22.f> units of excess distance per rat, while the rats of 
Group 4, with the food present but uneatable, dropped to a level 
of 2.15 units of excess distance per rat. That there is a significant 
difference bid ween the means of the two groups in both the time 
and the excess distance scores on trial 21, the “double-hungry” 
trial, is evidenced by an inspection of tables 2 unci 2. It would 
seem that, while the rats of Group 1, witli the food entirely re¬ 
moved reacted to the* box as possessing the specific character “non- 
reward,” the rats of Group 4, with the food present but; uneatable, 
persevered in reacting to the box as a “reward” object, therelore 
keeping their behavior oriented toward this object. 


















80 University of California Publications in Psychology [Vol. 6 

TABLE 2 

The Reliability op the Differences between Means of the Groups in the 
Excess-Distance Scores 


Daily trials 



10 

11 

12 

13 

14 

15 

24 

Group 1 

Group 1. 

2.0 

2.66 

5.91 

14.91 

17.16 

9.91 

22.5 

Cn—12) 

Group 2. 

1.57 

.85 

1.14 

1.42 

.85 

.57 

.85 

and 

Difference. 

.43 

1.81 

4.77 

13.49 

16.31 

9.34 

21.65 

Group 2 

Fisher t. 

.333 

2.002 

1.327 

1.668 

4.603 

2.971 

2.418 

(n=14) 

Probability difference 

.70 to 

.05 to 

.10 to 

.10 to 

less 

leas 

.02 to 


due to chance. 

.80 

.10 

.20 

.20 

than .01 

than .01 

.05 

Group 1 

Group 1. 

2.0 

2.66 

5 91 

14.91 

17.16 

9.91 

22.5 "" 

(n=12) 

Group 4. 

2.81 

1.65 

7.27 

8.27 

4.58 

5,96 

2.15 

and 

Difference. 

-.81 

1.01 

-1.36 

6.64 

12,58 

3.95 

20.35 

Group 4 

Fisher t. 

.562 

1.197 

.314 

.894 

4.550 

1.750 

3.114 

(n-24) 

Probability difference 

.50 to 

.20 to 

.70 to 

.30 to 

less 

.03 to 

less 


due to chance. 

.60 

.30 

.80 

.40 

than .01 

.01 

than .01 

Group 2 

Group 2. 

1.57 

.85 

1.14 

1.42 

.85 

.57 

.85 

(n-14) 

Group 4..... 

2.81 

1.65 

7,27 

8 27 

4 58 

5.96 

2.15 

and 

Difference. 

-1.24 

-0.80 

-6.13 

-6 85 

-3.73 

-5,39 

-1.30 

Group 4 

Fisher t. 

.954 

.899 

1,909 

1.595 

2.288 

1.326 

1.470 

(n=24) 

Probability difference 

.30 to 

.30 to 

.05 to 

.10 to 

.02 to 

.10 to 

.10 to 


due to chance. 

.40 

.40 

.10 

.20 

.05 

.20 

.20 


TABLE 3 

The Reliability of the Differences between Means of the Groups in the 

Time Scores 


Daily trials 



10 

11 

12 

13 

14 

15 

24 

Group 1 

Group 1. 

15.73 

14.85 

48 48 

231.0 

225 25 

69.54 

286.6 

(n=12) 

Group 2. 

13.55 

9.91 

9.31 

7.07 

7.42 

4,55 

4.51 

and 

Difference. 

2.18 

4,94 

39.17 

223.93 

217.83 

64 99 

282.09 

Group 2 

Fisher t. 

.199 

.751 

2.114 

1.811 

2.632 

2 425 

2.143 

(n«14) 

Probability difference 

.80 to 

.40 to 

.02 to 

.05 to 

.01 to 

.02 to 

.02 to 


due to chance. 

.90 

.50 

.05 

.10 

,02 

.05 

.05 

Group 1 

Group 1. 

15.73 

14.85 

48,48 

231.0 

225.25 

69.54 

286.6 

(n=12) 

Group 4.. 

20.15 

15,58 

91.46 

91,62 

49,96 

61.85 

22.62 

and 

Difference. 

-4.42 

-0.73 

-42.98 

139,38 

175.29 

7,69 

263.98 

Group 4 

Fisher t. 

.763 

. 132 

. 726 

.579 

2.760 

.135 

2.764 

(n—24) 

Probability difference 

.40 to 

.80 to 

.40 to 

.50 to 

less 

.80 to 

less 


due to chance. 

.50 

.90 

_.50 

.60 

than .01 

.90 

than .01 

Group 2 

Group 2... 

13.55 

9,91 

"o.ai” 

"Vir 

7.42 

A55 

4.51 

(a-14) 

Group 4. 

20.15 

15.58 

91,46 

91.02 

49.96 

61.85 

22.62 

and 

Difference. 

-6.60 

-5.67 

-82,15 

-84.55 

—42.54 

-57.30 

-18.11 

Group 4 

Fisher t. 

1.025 

1.222 

1.548 

1.769 

2.195 

1.467 

4.254 

(n=24) 

Probability difference 

.30 to 

.20 to 

.10 to 

.05 to 

.02 to 

.10 to 

legs 


due to chance. 

.40 

.30 

.20 

.10 

.05 

.20 

than .01 
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j. 

! 

| 

reliability coefficients of the maze for 

REWARD AND NON-REWARD PERIODS 

1 

In order to ascertain the reliability of this type of square maze, 
even with, the small number of cases employed, the reliability coef¬ 
ficients based on odd-day versus even-day scores for both the 
excess-distance and the fane scores were computed. These are 
given in, table 4. 

TABUC 4- 

Reliability Oom'ioiBNTs Basko upon’ Wvkn4)ay vmatra Odd-Pay Scorbs in 
10 xok.sk Distance; ani> in Timr 


* 

H pliability 

Koli ability 


eorttUuPUtH 

<v>p (liciontH 

Group 

for pxc'WH 

for time* 


, distance woros 

Hporoa 

Group l t davs 241 (hungry food present) ... 

-. 295 

,530 

Group l» days 12-24 (hungry food entirely re- 



mnvedV. ....... 

.449 

.754 

Group 2, days 2*24 (hungry food present).. 

.507 

.702 

Group 4, davs 241 (hungry food present)... 

.361 

.009 

Group 4, days 12-24 (hungry food present hut 



uneatable)....................................................... 

.859 

.040 


It will bo noticed that they are much lower than those reliability 
coefficients previously reported fora 14-unit multifile T type maze 
by Tolman and Ilonzik. The highest, reliability is found in (Jroup 4, j 

days 12 24, where the rats are hungry, not rewarded, but the food I 

present in the box. The time scores seem more consistently reliable i 

than the excess distance scores, ; 

| 

SUMMARY AND CONCLUSIONS i 

i 

I. When tlie food reward was removed from a group of albino 
rats by placing it behind a, wire mesh, there was a significant rise 
in both the time and the excess-distance scores. There is a statisti- l 

cally significant difference between the rats of this group and a 


_ 
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group from which the food had been entirely removed, the rats of 
the former group doing less running about in the maze and con¬ 
suming less time. It would seem that the pre-current responses 
involved in seeing and smelling the food are enough of a surrogate 
for the consummatory response of eating, to keep the behavior to a 
greater degree oriented toward the food box. 

2. When the rats with the food entirely removed from the box 
were made “double-hungry” their performance increased to a 
level of 22.5 units of excess distance per rat, while the performance 
of the rats with the food present but uneatable dropped to a level 
of 2.15 units of excess distance per rat. It would seem that while 
the rats with the food entirely removed reacted lo tin* box as pos¬ 
sessing the specific character ‘ ‘ non-reward, ’ ’ t he rats with the food 
present although uneatable, persevered in reading to the box as a 
‘‘reward ’ ’ object, thus keeping their behavior oriented toward this 
object. 

3. Reliability coefficients for the maze were computed and were 
generally lower for this square type of maze t ban for a mu ltiple T 
type of maze. The time scores showed more consistent reliabilities 
than did the excess-distance scores. 


LITERATURE CITED 

Bruce, R. A. 

1932. “The Effect of Removal of Reward on the Maze Performance of 
Rats. II. ’ ’ TJnvo. Calif. Publ. Psycho!., f>:05-7:1. ■ 

Tolman, E. C., and Honzik, C. H. 

1930. “The Effect of the Introduction and Removal of Reward upon 
Maze Learning ’ ’. Univ. Calif. Publ. Psychol, 4:257-275. 









“SPECIFIC” VS.“GENERAL” ORIENTATION 
FACTORS IN MAZE RUNNING 

BY 

E. L. BALLACHEY AND I. KRECHEVSKY 


University of California Publications in Psychology 
Volume 6, No. 7, pp. 83-97, 3 figures in text 


UNIVERSITY OF CALIFORNIA PRESS 
BERKELEY, CALIFORNIA 
1932 




UNIVERSITY OF CALIFORNIA PUBLICATIONS 

Note—The University of California Publications are offered in exchange for the pntu 
cations of learned societies and institutions, universities and libraries. Complete lists b 
all the publications of the University mil be sent upon request. For sample copies, list 
publications or other information address the MANAGER OF THE UNIVERSHl 
PRESS BERKELEY, CALIFORNIA, U. S. A. All matter sent in exchange should b 
addfSd to EXCHANGE DEPARTMENT, UNIVERSITY OF CALIFORNIA LIBRARY 
BERKELEY, CALIFORNIA, U. S. A. 

Publications of the University of California Press may also be obtained from Tffl 
CAMBRIDGE UNIVERSITY PRESS, FETTER LANE, LONDON, E.O. 4, ENGLAND, t 
which orders originating in Great Britain and Ireland should be sent. 


PSYCHOLOGY. 


-Warner Brown, Harold E. Jones, and Edward C. Tollman, Editors. 
Price per volume, $3.50. 


VoL L 1. The Judgment of Difference, with Special Reference to the Doctrine of 


the Threshold, in the Case of Lifted Weights, by Warner Brown. 

Pp. 1-71, 4 text figures. September, 1910--$0.5 

2. Tbe Process of Abstraction, an Experimental Study, by Thomas Vemer 

Moore. Pp. 73-197, 6 text figures. November, 1910---. 1,0 

3. Tbe Judgment of Very Weak Sensory Stimuli, with Special Reference 

to the Absolute Threshold of Sensation for Common Salt, by Warner 
Brown. Pp. 199-268, plates 1-4. February, 1914 --- .6 

4. Habit Interference in Sorting Cards, by Warner Brown. Pp. 269-321. 

April, 1914 .-. £ 

6. Diurnal Variations in Memory and Association, by Arthur I. Gates. Pp. 

6. Correlations and Sex Differences in Memory and Substitution, by Arthur 

X, Gates. Pp. 345-350. May, 1916 ..—.......,0 

Index, pp. 351-356. 

Voi. 2. 1. Variations in Efficiency during the Day, together with Practice Effects, 
Sex Differences, and Correlations, by Arthur X. Gates. Pp. 1-156. 

March, 1916 ---------- U 

2. Experiments on Attention and Memory, with Special Reference to the 
Psychology of Advertising, by J, M. Levy. Pp, 187-197. March, 

1916 ...-.-.-... A 

8. The Psychology and Physiology of Mirror-Writing, by Justin K. Puller. 

Pp. 199-265. May, 1916........- —...- J! 

A Memory and Association in the Case of Street-Car Advertising Cards, 

by Walter S. Heller and Warner Brown, Pp. 287-275. May, 1916.1 

6. A Comparison of the Japanese Folk-Song and the Occidental: A Study 

in the Psychology of Form, by Sangoro Ito. Pp, 277-290* May, 1916.1 

6. Individual and Sex Differences in Suggestibility, by Warner Brown. 

Pp. 291-430. July, 1916 ......... 11 

Index, pp. 431-433, 

VoL 3. 1. An Experimental Study of Abnormal Children, with Special Reference to 
the Problems of Dependency and Delinquency, by Olga Bridgman, 

Pp. 1-59. March, 1918............( 

- % Analysis of Package Labels, by Walter S. Heller, Pp. 61-72, plates 1-3* 

January, 1919 —......— -„— .......... 

8* A Study of the Major Emotions in Persons of Defective Intelligence, by 

Beulah May Morrison, Pp. 73-145, December, 1924..i 

4. Factors Contributing to the Delinquency of Defective Girls, by Jean 
Walker; Pp, 147-213, April, 1925 ....- A 


6, The'Judgment of Pitch as a Function of the Series, by Stanley R. 

, Truman and E* G, Wever. Pp. 215-223, June, 1928 ..—.. 

6. Psychological Studies of Motion Pictures, XL Observation and Recall 
as a Function of Age, by Harold Ellis Jones, assisted by Herbert 
Conrad'" and Aaron Horn. Pp. 225-243, 3 figures in text, August, 

; 1928 ...........*- 

7* Psychological Studies in Motion Pictures, XIX, Fidelity of Report as 
a Measure of' Adult Intelligence, by Herbert 8, Conrad and Harold 
Ellis Jones, Pp, 245-276, 2 figures to text* 

8. Psychological Studies in Motion Pictures* XV. The Technique of 
Mental-Test Surveys Among Adults, by Herbert S. Conrad and Har¬ 
old Ellis Jones. Pp. 277-284, 

Nos. 7 and 8 in one cover, November 1929.....-- 





















“ SPECIFIC” VS. “GENERAL” ORIENTATION 
FACTORS IN MAZE RUNNING 

BY 

E. L. BALLACHEY AND I. KBECHEVSKY 

In recent analyses of maze running by the white rat, attempts 
have been made to ascertain those factors which determine the 
animal’s behavior at each choice-point. This is a recognition of the 
frequently observed fact that the different culs-de-sac of any given 
maze vary in degree of difficulty and that the maze cannot be con¬ 
sidered a homogeneous instrument. This differential difficulty of 
blinds has suggested the possibility of a more precise analysis of 
animal learning than is possible by the mere consideration of gross 
error scores. 

Studies bearing on this question by Tolman and Honzik (1930), 
Yoshioka (1930a), Dashiell (1930), and Dashiell and Bayroff 
(1931), all advance the possibility of the existence of general fac¬ 
tors as determiners of the rat’s behavior at any given choice-point. 
Thus Tolman (1932 ; citing his own and other evidence) suggests 
the concept of ££ spatial-direction-of-the-goal expectation” to ac¬ 
count for the differential difficulty of blinds in a maze. According 
to this concept the rat builds up some general orientation toward 
the direction of food and, as a result, would be prone to enter those 
blinds which point in the same general direction as the food box 
more frequently than those blinds which point away from the food. 

Dashiell seems to advocate a like treatment of his own data, and 
in his monograph (1930) concludes that he has demonstrated that 

the rat when running a maze early shows the influence of some direction- 
orienting tendency that operates independently of specific stimuli to particu¬ 
lar local movements .... this.... appears as a tendency to make, errors in 
those blind alleys that happened to- open up in the general direction of the 
food box more than in those opening in the reverse direction. 
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Such explanations are applicable only to rats which have had suf¬ 
ficient training to learn the spatial features of the maze and the 
relation of the goal to the various blinds. 

D ashi ell and Bayroff (1031) have attempted some analytical 
studies of the naive rat’s behavior in a maze. They were interested 
in those factors which determine the initial choices of the rat when 
placed in a maze for the first time. 

These experimenters employed two forms of the multiple TJ-type 
maze. The two mazes were equal in all respects except that the 
“C-type” maze “involved choice-turns in the true path always in 

one constant direction-while the other [“A-t.ype”] involved 

choice-turns in the true path alternately right and left.” 

The C-type maze was found to be strikingly easier for the rats 
than the A-type. Emphasizing the fact that the C-type maze “is 
not only distinctly easier to master.... it is distinctly easier to 
run on the very first trial, i.e., before the animals have had any 
experience at all with the food-box-in-position-with-relation-to- 
maze,” the authors, after a consideration of various possible ex¬ 
planations, conclude that “it seems likely that the factor most 
responsible is a forward-going tendency in animal locomotion.” 
Such an explanation, it is seen, extends the concept of generalized 
directive forces and includes such factors among those operative 
from the moment the animal is first introduced into the maze. 

It is necessary to consider in some detail precisely what Dashiell 
and Bayroff mean by the concept of a “ forward-going ’ ’ tendency. 
An examination of the apparatus and method of analysis used by 
Dashiell and Bayroff will aid us in defining this concept. In order 
to test the adequacy of their explanation of the results obtained 
from the C-type and A-type mazes, Dashiell and Bayroff ran 181 
rats (broken up into two general groups of ‘ ‘ motivated’ ’ and ‘ ‘un¬ 
motivated” rats) in a simple maze consisting of a straightaway, 
an elbow and a T-choice with one alley running forward and one 
backward (fig. I). 1 

i It should be .pointed out that the (1-type maze consisted of several such 
units, with tho true paths always leading off from tint forward-pointing alley 
(alley D in fig. 1) and the backward pointing alley (Ji) being always the cul- 
de-sae. 
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They found a tendency for the rats to choose the “forward- 
going alley (alley D, lift- 1) - The authors then suggest that 

one way of describing 1 this tendency in particularized 

r- and explicit terms would be to say that when an ani- 

■— mal is forced 90° out of its line of movement in a 

maze by an elbow in the pathway, when it is next 
0 offered a choice between a turn reversing the first 
one and a. turn repeating it, it is more likely to choose 
y c -* the former. 

It should be emphasized that Dashiell and 
E* 

Bayroff thus consider the elbow as an obstacle 
_J i u the path, which temporarily diverts the 
'~~~ i animal from his “forward-going” line of lo¬ 
comotion and which is compensated for when 
the obstacle is removed. The interpretation 
A of Dashiell and Bayroff would then describe 

the animal’s behavior at bifurcation D-E as a 
Fig. l function of the direction of movement in al¬ 

ley A. 

Rather than regard the elbow B as a passive obstruction in the 
line of movement for which the animal compensates by a return 
to the first direction of locomotion, the present authors suggest 
that the turning of the elbow R is the actual determiner of the 
turn into l), and that the general direction of movement in alley 
A is not a cause of the animal’s behavior at choice-point D-E, in 
other words, the fact that both A and D point in the same direction 
is irrelevant. Such a contention would explain this D-E behavior, 
not by appealing to the presence of some “general” direction- 
force at work, but by describing this phenomenon as a specihe 
response to the unique, purely local character of the elbow B. 

This alternative description was suggested to the authors by a 
consideration of the concept of “centrifugal swing” advanced by 
Sehnoirla (1929). In his analysis of maze running by ants, 
Seluuutia observed lb at 

Itatluir, within limit* «» "'»<«« <? 

bohavior of tho animal, provided tbo Higudmaueo of ce • P 
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of the maze is known to him. The spatial arrangement of the maze alleys_ 

is important for the influence we shall term centrifugal swing _In general 

it [centrifugal swing] depends upon the physical fact that in passing around 
a corner with reasonable speed, the animal must run near the outside walls of 
the turns.... while the ant is under the influence of this centrifugal swing > 
movements compatible with it-will be easily made. 

Keferring again to figure 1, it is seen that according to the concept 
of ‘ ‘centrifugal swing” the animal would, after being forced 
around the 90° turn at be “thrown” toward the outside wall of 
C and therefore approach the bifurcation D-E in closer proximity 
to alley D than to alley E. It needs to be emphasized that the en¬ 
trance into I) is a function of the elbow B and not a consequence of 
the general direction of the animal’s locomotion in alley A, 

Either of these two opposed explanations would predict the 
animal’s entrance into I), since alley 1) happens to point in the 
same direction as alley A. The data from Dashiell and Bayroff 
are therefore ambiguous in respect to the relative validity of the 
two explanations. To obtain critical evidence upon the merits of 
these two hypotheses it is necessary to set up a situation such that, 
if a “forward-going” tendency were the determiner of the ani¬ 
mal’s choice at the bifurcation, the animal would be forced into 
one alley; but were “centrifugal swing” or any other purely local 
factor the determiner of the rat’s choice, it would be forced into 
the opposite alley. 2 The purpose of the present study was to at¬ 
tempt to set up such a situation and to analyze the resulting data 
in the light of the above discussion. 

sin adopting the term “centrifugal swing 7 ’ we do not necessarily imply 
that the descriptive connotation of this term is adequate to describe the actual 
sequence of movements in the elbow. From general observation of the ani¬ 
mals* behavior we would be inclined to think so but pending more careful 
study (cinematographic analysis) wo would suspend final judgment. What we 
do wish to imply by the term is that, whatever be the actual sequence of move¬ 
ments in the elbow, it is the specific elbow-situation, and not- a more general 
factor, which determines the animals* behavior at. the subsequent, bifurcation. 
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The animals received no food in their nest cages. After this period 
of 21 days the rats were run through the apparatus shown in figure 
2, four trials a day for five days. On alternate trials the elbows 
(. B, C, D, and E) were shifted to the opposite side of the straight- 



Kg. 3. 


away. Thus, if the rats were run on the first trial with the elbows 
in position B G D E, they would he given the second run with the 
elbows in position B' C' 1)' E'. 

The day following the completion of the preliminary training 
the test runs were made in the apparatus shown in figure 3. The 
alleyways were of unpainted redwood, 4 inches wide by 6 inches 
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, Xhov were covered with u fine win 1 mesh. 1 he bends con- 
sistedof elbows of identical construction, which were interchanged 
to prevent tracking. 

The rat was introduced into the apparatus at .1. At (1 he was 
allowed to continue to either h\ or F, where he received a pellet of 
food In order to determine ami control the effect of “positional 
preferences” on the behavior of the rat at the choice-point, the 
animals were divided equally in two groups: Group i was given 
five trials in the apparatus as shown in figure :i«. Group n was 
given five trials in the mirror image of this set up (fig. 'MO. On 
the second day Group i was transferred to the apparatus m posi¬ 
tion/*; Group u, to that in position a. 

It will he seen from the maze diagrams that an entrance into 
P iF\) would he in accordance with the concept ol a torwaid- 
gohig” tendency ami an entrance into with the concept, 

of “centrifugal swing.” 

The long preliminary training period was instituted in order to 
increase the probability that the rats would make a “Inrward- 
going” choice at <> and O' if sue!, a tendency wen* a factor in the 
choice-point, behavior of the rat. It may be objected that forcing 
the rat to turn back mi Ins initial path at point K I F/ I may disrupt; 
the original “forward going” tendency, ami thus decrease the 
probability of a “forward going” choice at <>. To meet, this objec¬ 
tion cadi animal was given, it should be remembered, ‘JO trials in 
the apparatus shown in figure J. There the rat was force,1, after 
running through section V, (' i> K, to continue in the original "far- 
ward-going” direction to F when in naiad food. Furthermore, 
in the test run itself, the animal, after t raversing seel ion /»* (tig. «), 
was force, 1 to resume his original direction of locomotion in al¬ 
ley C. 
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DATA AND DISCUSSION 

Table 1 presents the cumulative scores (per trial) expressed 
as percentages of the cumulated total for both groups of animals. 
In the third row of the table are presented the standard errors of 
the percentages for each trial.* The fourth row presents that per¬ 
centage which should have obtained for either the “centrifugal 


TABLE X 

Cumulative ‘ *Centrifugal Swing** and “Forward-Going” 
Scores ( Uercrntau e) 


Trials 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Centrifugal swing.. 

54.17 

50 25 

58.33 

00 42 

01,07 

01 81 

59 52 

59,38 

00.05 

59.58 

Forward-going. 

45.83 

49,75 

41.07 

39 58 

38.33 

38.19 

40 48 

40 02 

39.35 

40.42 


11.9 

7 2 

5.9 

5 1 

4.5 

4 2 

3,8 

3.0 

3,4 

3.2 

50%+3<r. 

85.7 

71,0 

07.7 

05 3 

03 5 

02,0 

01,4 

60.8 

00 2 

59.6 


swing” or “forward-going” score, in order to assure us that the 
percentage was significantly different from that which might have 
occurred by chance. These percentages (he., the scores in the 
fourth row) were obtained by adding 3<r to 50 per cent. 

It will be seen from the total score (i.e., cumulative score, tenth 
trial) that the animals were making a significantly greater number 
of iC centrifugal swing” choices than chance alone would 'permit . 
These scores represent composite scores with any possible influ¬ 
ence of “positional preferences” controlled and can only be in¬ 
terpreted to mean that of any of the following factors: 4 4 positional 
preference, ” 4 4 forward-going ’ ’ tendency, or 4 4 centrifugal swing, ’ J 
the last named was the prepotent factor operative in determining 
the behavior of the group at choice-point G. 

4 The common formula <r = was used to compute these standard errors. 

N , of course, increased by steps of 24 each trial, p and q remaining constant, 
i.e., .5 and .5. 
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TABLE 2 

Individual Records, Group I 


Rat 

Position A 

Position B 

Total 
Centrifu- , 
gal swing 

Total , 
Forward¬ 
going 

Position I 

! « 

a 

o 

p. 

! | OQ 

CD 

Centrifu¬ 
gal swing 

Forward¬ 

going 

Centrifu¬ 
gal swing 

Forward- i 
going 

Riglit 

Left 

1 

3 

2 

4 

1 

7 

3 

4 

6 

2 

4 

1 

5 

0 

9 

1 

4 

6 

3 

2 

3 

3 

2 

5 

5 

4 

6 

4 

5 

0 

2 

3 

7 

3 

8 

2 

5 

3 

2 

3 

2 

6 

4 

5 

5 

6 ! 

3 

2 

3 ! 

2 

6 ! 

4 

5 

5 

7 

4 

1 

1 

4 

5 

5 

8 

2 

8 

3 

2 

2 

3 

5 

5 

6 

4 

9 

5 

0 

0 

5 

5 

5 

10 

0 

10 

5 

0 

3 

2 

8 

2 

7 

3 

11 

5 

0 

4 

1 

9 

1 

6 

4 

12 

5 

0 

5 

0 

10 

0 

5 

5 

Total 

47 

13 

35 

25 

82 

38 

72 

48 


TABLE 3 

Individual Records, Group IX 


Rat 

Position A 

Position B 

Total 
Centrifu- ! 
gal swing 

Total 

Forward¬ 

going 

Position I 

tesponse 

Centrifu¬ 
gal swing 

Forward¬ 

going 

Centrifu¬ 
gal swing 

Forward¬ 

going 

Right 

Left 

13 

5 

0 

0 

5 

5 . 

5 

10 

0 

14 

5 

0 

3 

2 

8 

2 

7 

3 

15 

5 

0 

2 

3 

7 

3 

8 

2 

16 

0 

5 

3 

2 

3 

7 

2 

8 

17 ! 

2 

3 1 

4 

1 

6 

4 

3 

7 

18 

1 ' 

4 

1 

4 

2 ' 

8 ! 

5 

5 

19 

1 

4 

3 

2 

4 

6 

3 

7 

20 

4 

1 

1 

4 

5 

5 

8 

2 

21 

0 

5 

5 

0 

5 

5 

0 

10 

22 

5 

0 

0 

5 

5 

5 

10 

0 

23 

1 

4 

4 

1 

5 

5 

2 

8 

24 

5 

0 

1 

4 

6 

4 

9 

1 

Total 

34 

26 

27 

33 

61 

59 

67 

53 
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Turning now to a consideration of each one of these possible 
factors, we shall attempt to ascertain the importance of these vari¬ 
ables by an analysis of individual scores. 

1. Positional Preferences— Yoshioka (1928) suggests the pos¬ 
sibility that a “positional preference’’ on the part of the rat may 
be a determining factor influencing the animal’s behavior at any 
given choice-point when first introduced in a maze. In later arti¬ 
cles Yoshioka (1930b) and Gengerelli (1930) have shown the 
actual existence of “positional preferences’’ in untrained rats. It 
is obvious, therefore, that some such factor may have been opera¬ 
tive at choice-point G (<?') in the present experiment. If such were 
the case for any one rat, the animal would have devided his 
choice equally between “centrifugal swing” responses and “for- 
ward-going” responses, since in position 3a (fig. 3) a “turn to the 
right” would have been scored as a “centrifugal swing” choice 
and a “turn to the left” as a “forward-going” choice; whereas 
in position 3b just the reverse would have obtained. Since each 
animal was run in both positions the “forward-going” and “cen¬ 
trifugal swing” scores should therefore have been approximately 
equal. 

Tables 2 and 3 present the data for the individual animals in 
both positions. Total “centrifugal swing” scores, “forward¬ 
going” scores, and “positional” scores are given. Defining arbi¬ 
trarily a “positional” animal as one which makes at least eight 
out of the ten choices to the right (or to the left), we see that 11 
of the 24 are “positional” rats. Eight favored the right position; 
three, the left. 

Such an arbitrary definition leaves out of consideration those 
animals which showed a somewhat lesser tendency to prefer one 
side to the other. Nine rats showed such a preference, at least 
to the extent of 6 out of 10. Considering these nine animals as a 
group we have presented in table 4 the effect of “centrifugal 
swing” on the apparent “positional preference.” The data for 
this table were obtained by first determining the position preferred 
by each animal, then, under the “C.S. -j~ ” rubric, indicating the 
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mll ,er «f clumps in keeping with such a tendency when this 
f m wv was also a "centrifugal «wiug” turn; again, under the 
1 > *•(< s ” tin* number of such choices opposed to a "ecn- 

Xl swing" »«»»■ Thus w ‘* ,,ttU a,,t, ‘ rmim ‘ th, ‘ “ nVd “ f “ ml4ri " 
toal swing” upon a relatively slight "positional preference.” 

From tl»>sa data wo see that of the SW "positional” responses, 37 
veremado when “centrifugal swing" did ««t «PP««e «ueh a turn 
1 onlv ‘’l when “centrifugal swing" opposed tin* turn to tin* 
deferred side. Tin- probability of these 37 ehoiees occurring with 
“centrifugal swing" responses by rhanre alone is only l.iI in a 

liundml/' 

Object ion mnv he raised to such u statistical treatment on the 

„ r(nm <l that in considering the 37 choices ns a lump amount we 

mav he giving undue weight to the performauee of two or three 

animals which showed that tendency, whereas what we should be 

interested in is whether or not the are rape posdnmnl annual 

showed the same thing. To answer this ohjeetiou we have deter. 

mined the reliability of the difference behvee,, the means «d the 

, o : ” ..lid *•(' S, " ' hv the use of Fisher s t. n 
two groups t* < >■ t ‘ ■ * 

Th(l olitaiiu'd t is 3 ,‘liMI‘JS, which can be interpreted to mean that, 
the probability of the difference between the obtained means 
omirring by chance is less than one in a hundred. 

u follows then, that even ♦'» thus,- rats which displaced a slight 
trndm-H tu rrspond on the turn* ,.f "pwsitmnat preferences," 
“centrifupat swimi" ape rated in some define, 

»This [irolaittltly h> *-m. .M. mono.K from Jhe 

m-ore expertetl hv chine*', "tM<r }" * rent >*f •*«. 


i 1 1 »; I t- 


C Wt I *u I / v 

* m § I i* «i |t f* i m,}\*** 


t a ■ ,i a I M 

$ * in t ii? I *■ 


.lit t 

Thin method of Utah-U n ho- «i... U r> ■'»" 1 ' ,, ‘ ' i,a f X^st'a 

gut the number of i'jias iw»I »»■» t«"»s thrill .tu, t'**r the mno* g * 

tisticH hw FWi**r ( HOf. 
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In this analysis of the effect of position wo have now considered 
all but four animals. Those four animals, as can be seen from 
tables 2 and 2, divided their responses, as far as position is con¬ 
cerned, exactly evenly- live to the right and five to the left 

2. Forward-going tendency. .From our discussion of the entire 

group result (p. 90) if was seen that, so far as the group was con¬ 
cerned, a statistically significant number of its choices was opposed 
to the “forward-going” concept. Of the total of 240 choices but 
40.42 per cent were “forward-going” turns. This is significantly 
less Hum 50 per eent, whereas if a “forward-going” tendency were 
at work we should have obtained a percentage significantly greater 
than 50 per cent. 

An examination of the individual retards substantiates the fact 
of the absence of any “ forward-going” tendency of any impor¬ 
tance. 

If we apply the same criterion hero that was applied in discuss¬ 
ing the “positional” rats we find that only one rat of the y 1 showed 
a consistent “ for ward going" tendency. Rat IS (table 9) chose 
a “forward-going” turn eight times in the ten trials, with his 
position responses divided equally between right and loft turns, 
Besides this one animal only two other rats showed even the slight¬ 
est preference for a “ forward -going” response, rats 19 and 16. 
Rat 19 favored the “ forward-going” turn to the extent of (> to 4, 
and rat 10, to the extent of 7 to 2. These differences in favor of 
the “forward-going” (dunces an* so slight that they can hardly 
he accepted as evidence indicating any real effect of such a tend¬ 
ency, and of further significance is tin* fact that these tiro animals 
could have been categorized as left- position animals with even 
more assurance , for rat 1ft favored the left choice to the extent of 
7 to .V and rat W to the extent of * to 2. 

The only conclusion possible in the light of those facts is that 
our data show an almost insignificant, effect of any “forward- 
going” tendency. 

9. Centrifugal swing . The gross group scores have already 
been discussed (see p. 90 ), By experimentally controlling any 
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effect of “positional preference,’ ’ it was shown that, for the entire 
group, ‘ 4 centrifugal swing ’’ was the most important determiner of 
the animal’s choices. 

Examination of the individual scores (tables 2 and 3) reveals 
that five rats met our criterion of 8-2 and may thus be classified 
as “centrifugal swing” rats. It is further to be noted that this 
classification of these five animals is the most valid, since none of 
the five showed greater preference (i.e., 8-2) for “positional” 
responses. 

Up to this point we have definitely classified 17 animals (table 
5) as showing either a “positional preference,” a “forward¬ 
going” response, or a “centrifugal swing” response. This leaves 
seven animals which showed no definite preference. Of these seven 
animals, three (Nos. 1, 5, 6) made a greater number of “centri¬ 
fugal swing” turns than of either positional or “forward-going” 
turns. 

It should be pointed out that the concept of ‘ f centrifugal swing ’ ’ 
as a factor influencing the choice-point behavior of a rat is more 
important in the determination of the locus and frequency of 
errors in a maze containing elbows than would appear from our 
data. From unpublished data it appears that it is possible to vary 
the difficulty of a maze and the difficulty of the various blinds in 
the maze by so arranging the sequence of turns that ‘ ‘ centrifugal 
swing” would force the rats into either the blinds or the true path. 
In the construction of a maze, it is an important factor to be 
considered. 

Such determiners of error scores as food-pointingness (Tolman, 
Dashiell), general direction orientation (Yoshioka, Dashiell), 
“forward-going” tendency (Dashiell and Bayroff), and the like 
have been deduced from an analysis of the difficulty of blinds. It 
is suggested in the light of the present experiment that the influ¬ 
ence of such a specific, local factor as “centrifugal swing” must 
be considered before the distribution of error scores is attributed 
solely to any such general factors. 
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TABLE 4 


TABLE 5 


Effect of “Centrifugal 
Swing 11 on “Positional 
Preferences’ J 


Rat 

Ontrifu- 

swing-}- 

Ontrifu- 

gal 

swing — 

14 

f> 

*> 

17 

4 

3 

19 

3 

4 

1 

4 

2 

2 

5 

1 

3 

3 

3 

8 

3 

3 

10 

5 

2 

11 

5 

I 

Total 

37 

21 


Classification of Individuals 
Meeting Norm 


Rut 


4 

7 

9 

10 
11 
12 

13 

14 

15 
10 
IK 
20 
21 
22 

23 

24 

Total 


Contrifu’ 

gal 

swing 

X 


X 

X 

X 

X 


5 


Positional 


X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 


11 


Forward¬ 

ing 


SUMMARY 

Twenty-four white rats wort* run through a situation designed 
to test; the relative merits of Hie concept of a “forward-going” 
tendency as opposed to the concept of “centrifugal swing” in ex¬ 
plaining the nai've rat's behavior at a choice point From a con¬ 
sideration of the data obtained it is pointed out thut when the 
disturbing factor of “positional preference” is controlled, “cen¬ 
trifugal swing n assumes a much greater importance than a possi¬ 
ble “ forward-going” tembmey in explaining the rat’s behavior at 
a choice-point. 
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MAZE LEARNING- IN RATS IN THE 
ABSENCE OE SPECIFIC INTRA- 
AND EXTRA-MAZE STIMULI 


C. H. HONZIK 


INTEODUCTION 

On the basis of results of a previous experiment^’ it was con¬ 
cluded (1) that maze learning in rats is not necessarily dependent 
on the formation of simple stimulus-response connections and 
(2) that accurate maze running is not a purely kinaesthetic chain- 
reflex phenomenon. The suggestion was made that maze learning 
in rats, even under the ordinary conditions of an unchanging 
maze, contains elements of what in human beings we call rational 
learning. 

The present investigation is a continuation of the previous 
study, although a maze of a different pattern is used for two of the 
three groups of rats utilized. It will not, however, be amiss to re¬ 
peat in general terms thie procedure and argument that hold for 
both studies: 

If blind rats can learn a fairly difficult elevated multiple T-maze when the 
units of tho maze are constantly interchanged and shifted about (the pattern 
being kept constant), and if, further, the rats are not disturbed m their per¬ 
formance when the maze ia rotated in the room, it may safely be said that 
loarning was accomplished independently of specific visual, tactual, olfac¬ 
tory, and auditory cues or stimuli. When these four types of stimuli are ex¬ 
cluded as directive cues in the running of the maze, the rats may still be said 
to have learned the maze kinaesthetieally; that is, they have learned a kinaes- 
thetie pattern which unrolls itself, as it were, when the rats are placed on the 
m,.™ If, then, the running of the maze is purely kinaesthetic, a disruption of 
the kinaesthetic pattern should perceptibly upset and confuse the rats, increas¬ 
ing significantly their error seores. Such a disruption can be simply accom¬ 
plished by inserting in the maze at desired points a bloek and a short new path 
which will force the rats to leave out a part of the maze and cause them to 
jump, figuratively speaking, from an earlier to a later part o e maze, now 
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the rats are able to make this so-called "short cut” without confusion—if 
they run the later part of the maze immediately after the short cut* with no 
significant increase in errors—we are compelled to conclude that they are not 
running the maze purely kinaestheticallv, or, in other words, that kinaesthesis 
is not operating as a factor necessary to correct running. This conclusion is 
made certain when we consider that exploration of the maze after the short 
cut, to pick up kinaesthetic cues, would inevitably lead to blind entrances and 
cause a significant increase in the number of errors. Visual stimuli and specific 
tactual, olfactory, and auditory stimuli being now eliminated as necessary 
factors in the running of the normal pattern of the maze, and pure kinaesthetic 
running being excluded by the performance on the "short cuts,” we conclude 
that the rats somehow, independently of specific sensory cues, "know” where 
they are after making the short cut j or, to express the matter in Lashley’s 
words, wo conclude that "the maze habit cannot be interpreted as a series of 
kinaesthetie-motor reflexes [nor as a series of stimulus-response connections] 
but must be referred to some intraneural mechanism capable of producing an 
integrated sequence of movements in the absence of directive sensory cues.” 

EXPERIMENT I 
The Maze for Group III 

A group of 17 rats (Group III) was trained on the maze used in 
the previous study. This maze was of the elevated type (fig. 1); 
the rails or pathways were of finished pine 2 inches wide and stood 
30 inehes above the floor, being supported by 1% inch x 1% inch 
uprights. At points indicated in figure 1, gates were inserted to 
prevent retracing. These gates were of 14 inch wire mesh. By 
means of stout wire pivots at the top, they were made to swing be¬ 
tween two uprights fastened to the rails. The gates were thus parts 
of the units to which they were fastened; and they were moved 
about with the units, as will be explained later. A short nail in one 
of the gate uprights prevented a gate from swinging backward, 
and, according as the gate was placed on one or the other side of 
the nail, the gate could he made to swing in either direction. The 
gate could also he easily removed, leaving only the two uprights 
in place. 

The maze contained 19 blinds and these varied in length from 
11 to 14 inches. The true path measured 59 feet. The units of the 

* To Dr. B. C. Tryon belongs the credit of first suggesting and trying the 
method of “short cutting” to disrupt a kinaesthetic sequence, if such exists. < r > 
Instead of using blind rats, Tryon ran his rats in complete darkness. His start¬ 
ling results suggested this further research. 
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maze were numbered consecutively, beginning at tbe starting plat¬ 
form, from 1 to 26. Of these 26 units ten, namely, units 1, 2, 4, 9, 
10,11,12,14,16, and 22, were 42 inches in length; units 6,13, 24, 
and 26, 36 inches; units 3, 20, and 25, 16 inches; units 7, 21, and 
23, 30 inches; units 15 and 19, 28 inches; and units 5, 8,17, and 18 
were of odd lengths, 22, 63, 65, and 55 inches, respectively. Units 



Fig.l. Diagram of elevated maze used in Experiment I. Arabic 
indicate blinds; roman numerals, units. Short cuts are indicated y 
lines. 


of the same length could be interchanged easily by lifting a unit 
out of the maze and inserting another from another part of the 
maze in its place. The pattern of the maze, of course, remaine 
unchanged. Units of odd lengths could not be interchanged with¬ 
out changing the pattern, but these units could be turned end for 
end or replaced by others of the same length that had been lying 
idle Ten units, besides the ones just mentioned, were constructed 
and these were inserted at various times in appropriate places in 
the maze while the original units lay idle. 

It is obvious that, with the maze so constructed, it was possible 
to change the maze completely, so far as its component parts were 


t 


m 








102 University of California Publications in Psychology [Voij 

concerned, without changing' the pattern. If there were directive 
stimuli, tactual or olfactory, specifically located at the various 
choice points in the rat’s path, interchanging the units would in. 
evitably disturb these stimuli and make dependence on them of no 
avail. Since the floor on which the maze was set was rather uneven 
the junction of any two units varied from one interchange of units 
to another, and this had the effect of further increasing the con- 
fusion of tactual stimuli with the shifting of units. It should be 
mentioned also that besides being shifted from place to place the 
units were often turned end for end so that what hml been a Mind 
was now a part of the true path, and vice versa. In such shifts units 
with gates would have the gates in the blind, and this necessitated 
removal of the wire mesh or removal of the nail to let the gateswing 
both ways so as to make possible a return in the event of an error, 
It is clear that with this procedure the effect was to confuse tactual 
and olfactory stimuli completely and probably to add new distract¬ 
ing stimuli because of the unevenness of the floor and the presence 
in many units of gates in blinds, these gates being in Midi positions 
that they eould be felt by the vibrissae of the rats when they stood 
at the choice points. 

MKTItOOK and An IMA!.s 

The rats were blinded by removal of the eyeballs, a simple oper¬ 
ation that, had no perceptible had effeef on the rats’ health nr vigor. 
Preliminary training was begun live days after the operation. This 
preliminary training required six days and consisted of three runs 
over a straightaway on the first day and then from four to seven 
runs daily on longer set-ups with corners and gates. Tin* rats were 
then started on the maze proper (tig. I), 

Two runs daily were given on the maze up to the twenty .first day, 
and thereafter three runs daily. The animals were fed only in the 
food box at the end of the maze and the fond was so apportioned 
that they were always hungry and eager for food. Frequent weigh¬ 
ing was used as a cheek against too great a loss in weight. 

An entrance into a blind to within four inches of the end of the 
blind was counted an error. This means that in tin* longer blinds 
(blinds varied from 11 to 14 inches! the rat. eould enter a Mind to 
its full body length, but if its vibrissae did not reach the end of the 
blind—and this could not occur unless the rat eame within less 
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than four inches of the end—such an entrance was not counted an 
error. Ignoring in this way partial blind entrances may be thought 
a low criterion for error scoring. Reasons for the procedure are as 
follows. If a blind rat turns before it has reached the end of the 
blind, we may fairly say that without direct sensory evidence of 
having entered a blind it has checked an error. Visual evidence was 
precluded, since the rats were blind; tactual and olfactory evi¬ 
dence could not be depended on, because units were shifted and 
turned end for end. In the short cut trials, when the rats came to 
choice points immediately after making the short cut, hesitation 
and uncertainty in behavior was frequently observed. Often an 
entrance into a blind was begun but quickly checked. Since units 
were interchanged in all short cut trials, specific sensory stimuli 
could not be causes for this checking of false turns, and we may 
say that in such entrances a complete error was not made. Some 
danger lay in the possibility of inaccurate observation of the rat’s 
distance from the end of the blind, and it should be said that if 
there was any doubt the entrance was scored an error. Full errors, 
as just defined, were indicated by the numbers of the blinds in 
which they were made; thus not only the number of errors but also 
the exact location of each error was recorded for every run. 

RksuijTS foe Group III 

Group III consisted of 13 males and 4 females, ranging in age 
from 2 to 4 months at the beginning of training. For the first two 
days of training (two runs daily) the maze was unchanged. On 
the third day, 13 of the 2(5 units in the maze were interchanged 
and turned end for end. Figure 2 gives the error curve for the 
group. A rapid drop in the curve for the first two days will be 
noticed. It is cerlain from results of the previous study and from 
other maze studies that this descent of the curve would have con¬ 
tinued on the third, fourth, and perhaps the fifth day, if the maze 
had been left unchanged. The sudden shifting of 13 maze units on 
the third day checked this drop of the curve. Thereafter, because 
no less than 10 (usually more) units were shifted for each and 
every run, the curve is jagged and its descent extremely slow. 
Shifting of units was so arranged that each day all the units 
changed place, about one-hall for the first run, the other half for 
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tlie second. To reach, what looked like a plateau required 25 days 
of running, or 55 runs. It was thought that increasing the number 
of daily runs might hasten learning, so from the twenty-first day 
on three runs daily were given. 

The checking of the initial drop in the curve due to interchange 
of units and the subsequent slow descent of the curve raise an im¬ 
portant question. W. S. Hunter, C2) from similar results on his own 
mazes, has argued that the stimuli from the maze are directive; 
they become cues in the true sense because they call forth definite 
behaviors. Confusion of the stimuli by shifting of units causes dis¬ 
ruption of maze performance, or, as in our experiment, a retarda¬ 
tion in learning, because, with constant shifting, stimuli cannot 
become directive. But it is possible to argue, perhaps less plausibly, 
that shifting of units (and of stimuli) is merely distractive. Thus, 
disruption of maze performance could be said to result from dis¬ 
traction ensuing from a change in the habitual arrangement of 
stimuli. Against this view may be advanced the argument that 
negative adaptation to this sort of distraction should be acquired 
and that our curves, after the initial slowing down, should drop 
more rapidly than they have done. It is clear, from these opposing 
interpretations, that the question of the function of intra-maze 
stimuli in maze performance is not conclusively answered by our 
results or by Hunter’s. It is also quite clear that we have here a 
question of fundamental importance in the general problem of 
maze learning. 

But whatever the true function of intra-maze stimuli may be, 
the rats undoubtedly learned the maze to a fair degree of accuracy. 
Thus on the twenty-third and twenty-fourth days the error records 
(3 runs daily) were, for the six trials, 11, 12, 38, 23, 24, and 18 
errors respectively; or, expressed as average scores per rat: 0.65, 
0.71, 2.24,1.35,1.41, and 1.10 errors respectively. Since there were 
19 blinds in the maze, even the highest average score (2.24 errors) 
indicates a high degree of accuracy of performance. We may con¬ 
clude that the rats learned the maze independently of specific tac¬ 
tual and olfactory stimuli from the maze, or, in other words, that 
accurate running was not a matter of simple stimulus-response 
connections, so far, at any rate, as intra-maze stimuli were con¬ 
cerned. 
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There remained extra-maze auditory and possibly olfactory 
stimuli. To check on the possible influence of these, (1) the maze 
was rotated first 180° from its original position, then back to its 
original position, and (2) the food box and food were moved to a 
position near blinds 7 and 9 (see fig. 1). The curve of figure 2 shows 
the results of these changes. Correlated with removal of food box 
and food, there were no significant, increases in errors. Upon rota¬ 
tion of the maze there is an upward jump, in the error curve, from 
13 to 29 errors. It is, however, very doubtful that this increase in 
errors was entirely due to a change in the direction of auditory 
stimuli. Because the maze was not on a platform, rotation could 
only be effected by taking the maze completely apart and setting it 
up again in a new place; and, because of the ext reme unevenness 
of the floor, this procedure undoubtedly caused unusually large 
tactual differences at the junctions of, units, i.o., the choice points 
The upward jump in the. error curve was most; probably due to 
this fact. Nevertheless, the highest error score when the maze was 
rotated was only 4 errors greater than the highest score in the four 
days before rotation. It is to be noted also that there are in the 
error curve other upward jumps as large as and some larger than 
this rise of 16 errors (an average increase of 1 error per rat) which 
seems to be due to maze rotation. For example, on day fib there is 
an upward jump of 18 errors; on day 23, 26 errors- on day 20, 
18 errors. We may safely conclude that extra-maze auditory and 
olfactory cues did not play an appreciably significant role in the 
maze performance. 

So far, we had excluded visual stimuli, prevented the operation 
of specific intra-maze tactual and olfactory stimuli, and. shown the 
lack of influence of extra-maze auditory and olfactory stimuli. The 
possibility remained that the rats were running the maze kinaes- 
thetically. In kinaesthetic behavior, as, for example, the playing of 
a very well known piece on the piano, it is generally supposed that 
each movement is the stimulus for a definite succeeding movement. 
The essence of kinaesthetic behavior is the definite, unvarying 
order in the sequence of movements. Disruption of the order, or any 
forced changed in the fixed sequence, must inevitably disrupt the 
organism’s smooth performance, and presumably the animal is 
compelled to fall back on external stimuli to set itself right, to 
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recover the habitual order of movements. In our rats such a forced 
disruption was effected by short cutting, that is, by forcing the 
rats, by means of a block and a short, new path, to leave out a part of 
the maze. The habitual order of movements was definitely changed. 
But when the order of movements of the rats was thus changed 
there was no possibility of falling hack on specific stimuli, for these 
were changed with the shifting of the units, and auditory and 
olfactory stimuli from outside the maze were found to be without 
influence. 

Training for (1 roup 111 extended over (>() days. Prom the twenty- 
first day on, as mentioned above, three runs daily were given, and 
on the twenty-sixth day the various short cutting trials were be¬ 
gun. Eleven different, short cuts, as indicated in figure, 1, were 
tried, and eight of these were, given twice on widely separated 
days. The first run each day was always over the whole, maze (such 
runs will hereafter be called normal pattern runs) and frequently 
the first two runs were of this type, followed by short cut or “put 
on” trials. It was necessary to give at least, one, preferably two, 
runs each day over the complete maze, because the true path in the 
maze as a whole had to be maintained as a basis on which to try 
short cuts. A succession of short, cut trials without normal pattern 
runs would probably have led to confusion, since this would have 
meant the running of changing maze patterns. 

The procedure being in all essentials the same for all short cuts, 
one short cut. trial may be described in some detail. Short cut 2-7 
(set! tig. 1) was given on the twenty-sixth day (fig. 2). On this day 
ten units of the maze were interchanged and a normal pattern run 
was given. A short path was then inserted between units IV and 
X, and two tin blocks were placed, one at a point six inches from 
the turn into unit V, t int other six inches Irom the. turn into blind 
6. All the units from unit IX on were interchanged with other 
units. The. rats were started from the platform and all entered 
unit V, fis was to be expected. Encounter of the block here natu¬ 
rally caused some eon fusion; most ot the rats wandered back over 
unit IV 1,o the gate on unit 111. It may be mentioned that this con¬ 
fused behavior diminished with succeeding short cut trials, as if 
the rats had learned to look for a short cut path whenever a block 
was encountered. Sooner or later, the, new path to unit X was 
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found and taken. All the rats, on this trial, approached the block 
on unit IX. Our chief interest was to record the rats’ behavior from 
this point on. Hesitations at the choice points were frequent but 
no complete record was made of these; only errors as defined above 
were recorded. The units were again shifted and the rats run a 
second time on this short cut. The number of errors made in the 
part of the maze from blinds 7 to 19, inclusive, is to be compared 
with the number of errors made in the same portion on normal 
pattern runs, that is, when the rats ran the entire maze. Although 
error curves furnish easier and clearer comparisons, we present to 
conserve space, a table instead. Table I gives score's for each trial 
of the various short cuts, and, to compare' with these', eight scores 
on the same part of the maze, when the rats ran thee full normal 
pattern. Table 1 is te> be read as Follows. Short cut 2-7 (blinds 
7-19) was given three times, twice cm thee twenty-sixth day and 
once on the forty-ninth day (right-hand column). Error scores 
made on these trials are*, in the same order, 15, 22, anel 13 (third 
column). Error scores made em the* same part of the maze, namely 
blinds 7-19, when the rats ran the normal pattern , are 29,17,18, 
28,11, 6,12, anel .11 (second column). Tlmse eight scen-es arc taken 
from the eight newmal pattern runs p recce ling thee first 2-7 short 
cut trial, and are therefore emly sample store's, sinew there were 
many more normal pattern runs, but the*se scenes are representa¬ 
tive of normal pattern performance* em blinels 7 to 19. It, will be 
noted that the highest sceuw for short cut, 2-7 (22 errors) is well 
below the highest nonnal pattern see>re (29 errors). We' may there¬ 
fore say that this short cut was execute*l within the criterion of 
correct performance. Whatever cemfusiem the short cut may have 
caused, it was certainly ne>t. sufficient to increase the* errors above 
the usual records when the rats ran the* wlmle maze'. The elata of 
table 2 indicate that the rats did not e'xpleere metre* than usual; de¬ 
pendence on specific tactual and ol facte try stimuli fretm the* maze 
was impossible, because the units had hewn shifte'el; e'xtra-maze 
auditory and olfactory stimuli had hewn found withemt effect. We 
may conclude tentatively that the rats in setme semsei “kneew” where 
they were after taking the short cut path, anel that by virtue of 
this “knowledge” they ran the rest of the maze with their usual 
accuracy. 
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tlietic sequence, we should expect blinds 7 and 8 to account for 
most of the errors. Actually they account for 18 errors as against 
27 errors in blinds 10 and 13. Blinds 10 and 13 were, incidentally, 
also difficult in the normal pattern runs. 

At this point two possible arguments may be considered. The 
possibility that the rats might have run correctly the part of the 
maze following the short cut path by chance , was mentioned above. 
In the previous experiment/ 15 in order to obtain objective evidence 
on this point the maze pattern following short cut 2-7 (and other 
short cuts) was completely changed, but the new pattern had the 
same number of blinds. The argument was that, if the rats were 
running corectly merely by chance, then they should perform 
equally well on any pattern. The enormous increases in errors 
when the maze pattern was changed demonstrated conclusively 
that chance could not account for the rats’ performance. Because 
of this clear demonstration it was deemed unnecessary to repeat 
the procedure in the present study. 

The other argument is that, in spite of the constant shifting of 
units, some intra- or extra-maze stimuli by which the rats could be 
guided, still remained. If there were such directive stimuli, it is 
reasonable to suppose that the rats could be guided by them from 
any point within the maze to the end of the maze. This was tested 
by the following procedure: The rats were placed by hand on the 
end of blind 6, which is the place they reach after going through 
the short cut path, and allowed to run to the end. A block was 
placed, as in short cut 2—7, on unit IX six inches from the turn into 
blind 6. Units were changed as for short cut runs. The starting 
platform was not used. Table 3 gives the results for two such “put 
on” runs; the error scores are 32 and 44 as against scores of 15, 22, 
and 13 for the corresponding short cut 2-7. This excess of “put on” 
scores over short cut scores indicates considerable confusion, or, we 
may say, lack of “knowledge” of whereabouts in the maze. (Similar 
“put on” runs, corresponding to each of the other ten short cuts, 
were tried, and in all the runs there were significant increases 
in errors—see below.) We may safely conclude that if any direc¬ 
tive stimuli remained after unit-shifting (for both “put on” and 
short cut runs), they were insufficient for the correct guidance of 
the rats. 
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TABLE 3 



Day 

on which, 
given 

Errors 

Errors 

on corresponding 
short cuts 

Put on end of blind 6, correspond- 

38 

32 

15, 22, 13 

ing to short cut 2-7 

38 

44 

Put on end of blind 11, correspond- 

39 

28 

18, 6, 20, 4, 14 

ing to 8-12 

39 

20 

Put on end of blind 4, correspond¬ 
ing to 2-5 

40 

49 

24, 18, 21 

Put on far end of unit 18, corre¬ 
sponding to 6-14 

41 

18 

18, 13, 5, 8, 5 

Put on mid unit 17, corresponding 
to 8-14 

42 

11 

3,2 

Put on mid unit 9, corresponding 
to 3-6 

43 

27 

29, 15,16 

Put on food end of unit 18, corre¬ 
sponding to 2-15 

’ 44 

10 

10, 5, 6 

Put on mid unit 18, corresponding 
to end 6-15 

48 

8 

0,2 

Put on mid unit 8, corresponding 
to 3-mid 8 

45 

27 

20, 20, 7 

Put on end of unit 19, correspond¬ 
ing to 1-15 

46 

15 

10, 2, 1 

Put on mid unit 21, corresponding 
to mid 17-15 

47 

13 

6,2 


When we ask why the large difference in error scores between 
the short cut and the corresponding “put on” runs, the importance 
of the run from the starting platform to the short cut path, plus 
the run along this path, becomes evident. The run from the start¬ 
ing platform to the short cut path was obviously essential to good 
performance beyond the short cut. The reason for this will become 
clear from the results of Experiment II. 
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The remaining ten short cuts (and the corresponding “put on” 
runs) will be briefly discussed in the order in which they were 
given. (For the exact location of each short cut, fig. 1 should be 
consulted.) Short cut 8-12 was not executed with the required 
accuracy in four of the five trials on which it was given. This was 
surprising, since on casual inspection of the maze one would judge 
this short cut to be easy. Of the 62 errors made in the five trials of 
this short cut, 43 (70 per cent) were made in blind 13 (see table 2). 
The error scores of the two “put on” runs, however, are higher 
than the short cut scores; this would indicate that confusion after 
the short cut was not so great as on the “put on” runs. 

Short cut 2-5 was performed with the required accuracy on its 
three trials. The very high score of the corresponding “put on” run 
confirmed the fact that the run from the starting platform to the 
short cut path was essential to good performance thereafter. 

Of the five trials of short cut 6-14, only one (the last) may be 
considered as done correctly. This short cut was probably so diffi¬ 
cult because of the presence of blind 14 at the end of the short cut 
path. Of the total of 49 errors made on the five trials, 65 per cent 
were made in blind 14. Of the errors made in the “put on” run 
which was started on the short cut path, 77 per cent were in blind 
14. That there were relatively few errors in the blinds beyond 14, 
namely, blinds 15 to 19, may be explained by saying that the long 
run over unit XVIII plus the two turns without blinds at the ends 
of unit XIX acted as a triple cue by which the rats “recognized” 
their position in the maze. The recognition, however, could not 
have been by means of stimuli from the units themselves, since 
these were changed. It is, however, possible that the long run and 
the turns acted as kinaesthetic cues, that is, that these re-aroused 
the kinaesthetic pattern. The possibility that some short cuts could 
be explained in this way will be considered in connection with short 
cuts that have such factors in their favor. 

The two trials of short cut 8-14 come easily within our criterion 
of good performance. The long run on unit XVIII plus the two 
turns cannot be advanced as an explanation, since these come after 
blind 14. Of a total of 5 errors this blind accounted for only one. 
The “put on” run had a high score, again demonstrating the neces¬ 
sity of the run from the platform to the short cut. But further, of 
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the 11 errors made on the “put on” run, 82 per cent were in blinds 
16 and 17. Thus, in this run at least, the run over long unit XVffi 
plus the two turns did not net ns an effect ive cue. This conclusion 
is strengthened by the results of poorly executed short cut 2—15 
which had the two turns but not the long; run in its favor, and 
nevertheless hud too many errors, chiefly in blind 16. 

The first trial of short cut 2 6 may be considered doubtful, gi nce 
its score is as high as that of the “put on” run. The remaining two 
trials, however, are well within the criterion. The three scores 
made on short cut 2 mid H were well below the highest normal pat¬ 
tern score; the corresponding “put on” run had a high score. The 
first, trial of short cut 1 to had too high a score; the other two trials 
yielded low scores. The corresponding “put on" score was high. 
The scores of short cuts mid 17 15 and end (1 la were all good 
the first trial of short cut end fi la having: no errors at all The 
corresponding “put on" scores were high. 

Aside from the long run on unit. XVII l and the two turns at 
either end of unit XIX mentioned above, correct performance on 
short out runs might possibly take place simply as a result of the 
following out of an acquired Icinaesthetie pattern. If the sequence 
of turns following close after a short, cut- is exactly the same as the 
sequence of turns in tin* part of the maze that has been left out, 
the rats could run a short cut trial correctly by simply following a 
habitual Icinaesthet ic sequence. For example, the sequence of turns 
following short cut 2 7 is i.m.t.su,, etc.; the .sequence in the left-out 
portion is Htturntt. Her**, obviously, the two sequences are different, 
and a following out of the habitual one would not give a correct 
performance in the short: cut trial. The two analogous sequences 
for short cut 2 5 are umum,, etc., and utKl.J.n; for short cut 6-14 
they are i44iiu.ui.t,Band uPHW.iu.Mt. Kvcn though the two sequences 
of turns were the same, a correct performance on a short cut trial 
would involve a disregard of the differing length of runs between 
turns, and this is unlikely. Inspection of tin* maze in figure 1 will 
show, however, that, in no short cut are the two sequences alike, 
and consequently it cannot be said that the Following of a learned, 
stereotyped sequence iieeounta for any correct performance on a 
short e,ut trial. 
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Summary and Conclusions 

We may summarize tlie results of short cutting as follows: On 
two of the eleven different short cuts (8-12 and 6-14), error scores 
were too high to meet the required accuracy. On three short cuts 
(3-6, 2-15, and 1-15) scores of first trials were doubtful or defi¬ 
nitely too high, but the scores of remaining trials for each short 
cut were good. On six of the eleven short cuts (2—7, 2-5, 8—14, 3- 
mid 8, mid 17-15, and end 6-15), scores on all trials were well 
within the criterion. The six corresponding “put on” run scores 
were high, that is, above the criterion used for short cut trials. It 
is evident from this that the run from the starting platform to the 
short cut path was essential to accurate performance beyond the 
short cut. 

Why some short cuts should be performed correctly and others 
not is not at all clear from the maze used in this experiment. We 
may hazard the guess that the spatial characteristics of a short cut, 
that is, its position in the maze, have something to do with it. The 
character of the maze pattern following a short cut does not seem 
to be a determining factor, for the patterns following the six cor¬ 
rect short cuts differ greatly one from another. Since six of the 
eleven short cuts were executed with the required accuracy, we 
conclude that rats possess in some degree the ability in question. 
This ability we should describe as a capacity to react effectively 
and with a minimum of effort, not on the basis of specific stimuli, 
but by the apprehending of spatial relations. 

EXPERIMENT II 
The Maze for Groups I and II 

In order to discover if possible what the spatial characteristics 
of a short cut may be that make it difficult or easy, an elevated 
maze of a simpler general outline was constructed. It was thought 
that a maze rectangular in outline with different arrangements of 
blinds in three comers might reveal something of the factors oper¬ 
ating. Accordingly, the maze shown in figure 3 was set up. As in 
the other maze, the rails were of pine 2 inches wide, set on uprights 
30 inches from the floor. The three long paths (units I, VIII, and 
XV) each measured 8 feet, and were therefore interchangeable. 
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Two gates on each of these long rails prevented retracing. The 
maze contained 14 blinds, all 12 inches in length except blind 9, 
which was 16 inches. The units in the corners were of two different 
lengths, 16 and 30 inches. Besides the units in the maze, two 8-foot 
rails, four 16-inch units, and six 30-inch units were constructed, 
and these were inserted in the maze at appropriate places when 
interchanging of units began. It is clear that, as in the other maze, 
a complete change of component parts was possible without change 
of maze pattern. 

In a maze of this sort it was comparatively easy to make the 
arrangements of the blinds in the three corners differ one from 
another sufficiently to preclude the possibility of a rat’s running 
correctly through one corner arrangement under the mistaken 
notion that it was in some other comer. Inspection of figure 3 will 
show that the true path at the three corners describes quite differ¬ 
ent patterns. The succession of turns in the corners is as follows: 
first corner, r(l)lrrl(l) ; second corner, (l)lrrr(l) (l) ; third 
corner, l(r)rlrl. (Letters in parentheses refer to forced turns, 
that is, turns without blinds.) 

Specifically, the questions asked were these: (1) If the rats are 
short cut diagonally from one side of the rectangle to the adjacent 
side, thus cutting out one corner arrangement of blinds, will they 
react correctly in the rest of the maze? (2) If two corners are cut 
out by short cutting from one side to the opposite side, will the rats 
perform correctly? (3) Will performance after the rat has run 
a diagonal short cut differ from the performance after the rat 
has run a short cut made by removing the units in a corner and 
extending one side to make it join the adjacent side at right 
angles ? In more general terms, the question was whether the rats 
were aware that the maze pattern formed a rectangle, and whether, 
by virtue of this awareness, they could execute correctly the vari¬ 
ous short cuts. 

Method and Animals 

Two groups of male rats (Groups I and II), each group com¬ 
posed of 13 rats, were trained over a period of 102 days. The rats 
ranged from 2 to 4 months in age at the beginning of training. 
Blinding was effected by removal of the eyeballs. Preliminary 
training extended over four days with 3 to 6 runs daily, first over 
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a straightaway, then over longer paths, with turns and gates. On 
the maze proper two runs daily were given, and, even when short 
cutting was begun, the number of daily runs was never more than 
two. Food was always given in the food box at the end of the maze, 



Pig. 3. Diagram of elevated maze used in Experiment II. Arabic numerals 
indicate blinds; roman numerals, units. Short cuts are indicated by broken 
lines and capital letters. 


and frequent weighing served to prevent too great a loss in weight, 
besides indicating roughly the degree of hunger. 

As in Experiment I, an entrance into a blind to within four 
inches of the end of the blind was counted an error. The reasons 
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for this scoring criterion given in Experiment I hold here also. If 
the rat's distance from the end of a blind was in doubt, the en¬ 
trance was scored as an error. Errors were indicated by the num¬ 
bers of the blinds in which they were made. 

Results for Groups I and II 

Results for Groups I and II up to the point when short cutting 
began will be treated separately. This is because Group II was 
started on the maze two days after Group I, and thus Group I was 
four runs ahead of Group II. But before short cutting began, the 
two groups were equalized by running Group I only once a day for 
four days so that this group then had the same number of runs as 
Group II. Thereafter, all short cuts and other runs were given the 
two groups on the same days, and results on short cuts and other 
runs for the two groups have accordingly been lumped. 

Because of the long paths between the corners of the maze, that 
is, between the parts that required learning, it was thought that 
learning would be somewhat retarded. It was therefore surprising 
to find a very steep descent in the error curves of both groups (fig. 
4). By the end of the third day (six runs) the rats had apparently 
learned the maze; from that day on both curves are plateaued, the 
only noticeable deviations being the two runs on day 7 of Group II. 
It is perhaps unnecessary to remark that during this period the 
maze was not changed in any way. We wished to see what effect the 
sudden interchanging of all maze units would have on the rats' 
performance and thereby possibly to gain some light on the role of 
intra-maze stimuli. 

On the thirteenth day for Group I and the eleventh day for 
Group II (because Group II was two days behind Group I) every 
unit of the maze was interchanged with some other appropriate 
unit. This change was made for the second daily run, that is, be¬ 
tween the first and second runs of the day. The effect on both 
groups was startling. Group I made more errors than it had on 
the first trial; Group II made almost as many (fig. 4). It was as if 
a new maze had been suddenly presented. Whatever the exact role 
of intra-maze stimuli may be in respect to blind rats, it was obvious 
that the changing of these stimuli by shifting of units had a great 
disruptive effect on maze performance. 
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Other Interesting facts appeared. As was mentioned above, the 
interchange of units was made for the second daily run of days 11 
and 13. The maze was then left untouched for the first run of the 
succeeding day. But for the, second run of the succeeding day the 
units were again completely interchanged. Thus the shifting of 
units took place between the two runs of eaeh dag up to day 21 
(day 19 for Group 11). Considering for the moment only the curve 
of Group I, we note a very regular up and down zigzagging from 
days 13 to 21. It will be noticed that all the points marked “2” are 
above the points marked U V 1 ; the second run of each day, that is, 
the run immediately following an interchange of units, always had 
more errors than the first daily run, which was made on the maze 
unchanged from the previous day. One may interpret this hv say¬ 
ing that on the first run of each day (and the last run of the pre¬ 
ceding day) the rats had experienced groups of stimuli (tactual* 
kinaesthetic, and olfactory) in definite spatial relations and that 
the disturbance of the general stimulus-pattern resulting from the 
unit-shifting for the second daily run was the cause of the increase 
in errors. The question whether the increase in number of blind 
entrances was due to distraction or to the fact that the stimuli had 
taken on some directive value during the two previous runs, is not 
answered by the results just; described, and we shall presently 
show that this question is probably beside the point. 

On the above interpretation as a basis, a prediction might be 
made that intenthanging units between days instead of between 
the two daily runs should cause the following changes in the error 
curves: (1) the first runs of ouch day should have more errors than 
the second runs, and (2) the up anti down zigzags should be of 
smaller magnitude, since the rats had a longer period (24 hours) 
in which to “forget” how the stimuli were arranged on the preced¬ 
ing day. Act ually, the curve hears out; these predictions. The points 
marked “1” arc all higher than the points marked “2” (The re¬ 
versal in the relative positions of the Vs and the 2 7 s caused by the 
change in time of unit-shifting is easily seen by following the 
broken line in fig. 4, Group I). And the up and down excursions 
of the curve are in general smaller. 

The facts, then, are that, when unit-shifting occurred between 
the two daily trials, the second trial always showed more errors 





Pig. 4 (a). Error curves of Group I for entire maze 
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than the first, and that when the shifting oeeurred between days, 
the first, trial showed more errors than the second. We must add, 
however, that although the same facts also hold substantially for 
Group IT, there are two differences between the two curves: (1) 
the up and down excursions of the curve of Group II are not so 
regular as those of the curve of Group hand (2) on day 24 (Group 
II) the positions of “l” and “2” are reversed. Probably these dif¬ 
ferences are not serious, since the spatial relations of the “1” and 
the “2” points are, with the one exception noted, constant. 

We return once more and brielly to the questions of distraction 
and the possible directive role of stimuli. It has been argued that, 
if the maze had been left unchanged after the first unit-shifting, 
the curves would have descended to their former low levels in a 
few runs, as is evidenced by the sharp drops on days 14 (Group I) 
and 12 (Group II). and that it was the continual distractions 
caused by interchanging of units that prevented this. On the con¬ 
trary, it is equally plausible to argue that constant interchanging 
prevented stimuli from becoming directive. And against the dis¬ 
traction theory it may be further urged that habituation or nega¬ 
tive adaptation to continual distraction, if it were really distrac¬ 
tion, would have been acquired, and the curves would have reached 
plateaus much sooner than they actually did. 

We have returned to this discussion, first, because of the obvious 
importance of the question of the role of stimuli in maze learning, 
and, secondly, because one of the theories, namely, that the stimuli 
are directive, has been accepted'on what we believe to he entirely 
insufficient evidence. It: appears, however, from the significant re¬ 
sults of Lashley’s researches, that the question whether or not indi¬ 
vidual stimuli are directive, in the sense that, each response is con¬ 
nected in some way with a specific stimulus, is beside the point, 
that it is an unreal question. Nor, it seems, can we attribute the 
great disturbance in maze performance following the disturbance 
of stimuli to distraction in the usual meaning of the term. Lashley 
writes: 

We may state as a general principle that the stimulus to any reaction above 
the level of a spinal reflex involves, not. the excitation of certain definite sen¬ 
sory cells, but the excitation of any cells of a system in certain ratios, and that 
response may be given to the ratio, even though the particular cells involved 
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have not previously been excited in the same way during the formation of the 

habitual reaction. C-o 

Though this was written specifically of visual-perceptual habits, 
the principle applies to all types of habits. In another place 11 ” 
Lashley writes: 

...I believe that in every reaction, above the level of a spinal retlex to 
protopathie stimulation, the adequate stimulus is a pattern which is effective 
when applied anywhere upon the sensory surface and the motor response in¬ 
volves an equally variable grouping of motor neurons-We have seen that 

the adequate stimulus in such cast's [ habits based on vision, kiuacsthesis, and 
touch] is not the specific cells activated, tmt the pattern of excitation which 
may shift over the sensory surface and likewise over the cortical Held. In such 
a pattern the relative intensity, distance of separation, and frequency of ese 
citations seem to he the only constant factors. 

It seems clear that a reaction is made not to individual and spe¬ 
cific stimuli but: to patterns of stimuli. We cannot then speak ot 
directive stimuli in the sense that each stimulus (‘alls tmt a par¬ 
ticular response. The integrated response of running the mam is 
made to a stimulus pattern or perhaps to groups of stimuli that 
are patterned in definite ways. It is probable that, as the rat learns 
a maze, complex integrat ions of visual, tactual, olfactory, and kin- 
aesthetic stimuli are formed. Visual stimuli being excluded for 
our rats, integrations were probably established through tactual, 
kinaesthetie, and olfactory stimuli The sudden disturbance of fac¬ 
tual and olfactory stimuli by unit-shifting had the effect of dis¬ 
rupting completely the stimulus groups that formed the basis tor 
correct response, Kinaesthetie stimuli alone were not sufficient 
after such a disruption, and the maze habit had to he re formed on 
the basis of new integrations. If this interpretation is true, it is 
clear that we cannot speak of dist rue l ion as the cause ot maze-habit 
disturbance following unit shifting. 

One further point remains to he mentioned regarding the error 
curves of ({roups I and 11. These curves, in spite of their great 
irregularity, show a steady, although slow, descent. The maze was 
undoubtedly being learned, albeit slowly. On the three days pre> 
ceding day at) (Uroup I) and day 28 (Uroup II) the error scores 
for the groups are; Oroup 1,29,18, 24,22,27, and 27 errors; Uroup 
II, 22, 24,28,20, 30, and 18 errors, Kx pressed as average scores per 
rat on single runs these are: Uroup l t 2*22, 1.28, l,8o f 1.77, 2.08, 
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and 2.08 errors,* Group II, 2.46, 1.85, 2.15, 1.54, 2.31, and 1.38 
errors. Thus the average errors per rat ranged from slightly over 
one to two and one-half errors on a fourteen-blind maze. We mstf 
say that the rats learned the maze though not with a high degree 


of accuracy. 


TABLE 4 



Scores 

Days 


Scores 

Days 

Before 

rotation 

35 

70 

Maze rotated 90° 

40 

82 

33 

71 

37 


32 

72 

Maze rotated 180° 
from original 
position 

42 

83 

25 

73 

41 ! 


31 

74 

42 

84 

23 

75 

37 


25 

76 

Maze turned back 
to original 
position 

32 

85 

17 

77 

31 


31 

78 

34 

86 

18 

79 

24 


21 

80 

32 

87 

27 

81 

26 



Beginning with day 30 (Group I) and day 28 (Group II) unit- 
interchanging was discontinued for eight days, the object being to 
see if this would hasten learning, that is, the elimination of errors. 
It did not do so, and the reason was that approximately half the 
rats had apparently acquired, during the unit-shifting period, 
stereotyped errors, chiefly in blinds 2, 9, and 10. But the up and 
down excursions of the curves were noticeably decreased, confirm¬ 
ing the fact that such excursions had resulted from interchanging 
of units. 

Before proceeding to the results on short cut trials it will be 
well to dispose of the matter of maze rotation, which was used as a 
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diode on the possible intluenee of extra-maze olfactory and audi- 
toi-v stimuli. Tlio maze was rotated tirst !)()" counter-clockwise, 
then another !U)'' counter-oloekwise (ISO" from original position), 
and finally back to the original position. Instead of an error curve 
to show the effects of this rotation, we present table 4, which gives 
a number of error scores (for the group of 2(> rats on the whole 
maze) before ami after rotation. 

When the mazt' was rotated !>()*' then' was an increase of f> errors 
over the highest sett re before rotation (from lift to 40 errors). With 
the next rotation the highest score was 42 errors. As with the maze 
of Experiment I, rotation could be effected only by taking the 
maze apart ami setting it up attain in a new position; anti, because 
of the unevenness of tin* floor, it is certain that, discrepancies 
occurred at the junctions of units, ami that these discrepancies 
were not present when units were interchanged while the mazt' was 
in its normal position. The slight increases in error scores may 
easily be tine to these unusual tactual stimuli and not to directional 
change of extra-maze auditory or <4factory stimuli. 

Hkhui.ts on Huokt Cut Uunh 

Short, cutting was begun on day 47, by which time, as explained 
above, the two groups were equalized as to number of runs. From 
now on the two groups will accordingly be treated as one. Might 
different short cuts were tried: short cut l B, by a long diagonal 
(marked A in tig. 2, which should be consulted for location of 
short cuts); short cut 8 15, by a long diagonal (marked R) ; short 
cut. 1 15, From middle of unit l (H ; short cut 1 8, at right, angles 
(l >); short, cut 8-45, at right angles ( K ); short cut 1- 8, by a short 
diagonal { F ); short cut 8 lf>, by a short diagonal (f»); and short 
cut 1 15, from unit 1 extended (// ). 

One short cut ami its results will be described in detail before 
the others are considered. The tirst trial of short, cut. I 8 by a long 
diagonal (.1) was given on day 47 (lig. 5). All the units ol the 
maze were first interchanged, including the units of corner 1 (the 
sets of blinds at. the three corners of the maze will he designated, 
for eonvenienee, corners 1, 2, and ■'!, in 1 he order in which they ate 
encountered from start ing platform to food box). < >ne of the 8-loot 
rails plus a Iti inch rail was placed in a position indicated by the 
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broken line (.4) in figure Two blocks made of tin were placed, 
one on unit 1, the other on unit VIII, each about, six inches from 
the points where the diagonal short cut; path joined units I and 
VIII. The 2li rats ((Iroups 1 and 11 consolidated) were run, and 
the errors in blinds ti to 14, inclusive, were carefully noted. The 
error score for the {Troup of 20 rats in blinds 0 to 14 is to be com¬ 
pared with the scores math' in the same part of the maze when the 
whole maze was run, that is, in normal pattern runs. This compari¬ 
son is shown in figure ,1. As in Kxperiment; I, a short; cut is con¬ 
sidered correctly performed only when its error score does not ex¬ 
ceed the highest normal pattern score for the same part of the 
maze. 11. is clear (fig. ’») t hat t lie first, t rial of t his short cut was not 
executed with the required accuracy; the short; cut score (4(5 er¬ 
rors) exceeds the highest normal pattern score (27 errors) by 1!) 
errors. 

The error curves of figures f> to 9, which show performances on 
, short cut trials and on “put on” runs, were constructed in the fol- 
I lowing way; The blinds following any particular short cut were 
] taken, and the errors made in these blinds when the rata ran the, 
full normal ma.e jmltern were eomited. The first part, of each 
curve shows their performance on a particular part of the maze 
for normal pattern runs. Next after this part, and as a continua¬ 
tion of it, tile curve shows the number of errors made in the same, 
part of tin* maze when the particular short cut under considerat ion 
was given. Thus a direct comparison can he made between per¬ 
formances on a specified part, ot tlie maze for short, cut and for 
normal pattern runs. Because cadi short, cut was given more, than 
once there are parts of the curves between short; cuts that repre¬ 
sent, performance on normal pattern runs tor the appropriate part 
f «f the maze. And in the period of time between any two trials of a 
1 particular short cut. other short cuts were given, but these are not 
I represented on the same curve, sinee these other short cuts cover 

i different parts of the maze. Because normal pattern runs follow¬ 

ing short, eut trials may he disturbed (that is, error scores in¬ 
creased) by the preceding short eut runs, and thus theie may he 
produced abnormally high normal pattern scores wit h which short 
cut scores must he compared, each curve contains a. part, represent¬ 
ing normal pattern scores he /ore short eut trials loete begun. In- 
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speetion of the five curves will show that in each curve the highest 
normal pattern score comes, not in the period during which short 
cut trials were given, but in the period before day 47, that is, before 
short cut trials were begun. 

Short cut 1-8, by a long diagonal, was repeated on days 55, 67, 
79, and 88 (fig. 5), and on all these trials the errors were too high 
to come within our criterion. Table 5 shows that on the five trials 
of this short cut, 72 errors were made in blind 6, 69 errors in blind 
9, 23 errors in blind 8, and relatively few errors in the remaining 
blinds. The reason for this distribution of errors is as yet largely 
a matter of guesswork; one may, however, plausibly assume that 
the large number of errors in blind 6 occurred because the first cor¬ 
rect turn in comer 1 is to the right and the rats were under the 
mistaken notion that they were at corner 1 instead of corner 2, and 
accordingly turned right into blind 6. From table 5 we note also 
that, on the first trial, 22 of the 26 rats made one or more errors, 
22 rats made errors on the second trial, 15 rats on the third trial, 
19 rats on the fourth, etc. Inspection of individual error scores re¬ 
veals the fact that two of the 26 rats, namely rats W2 and W18, 
made perfect scores (no errors) on all five trials of this short cut. 
This confirms what one would expect, that rats vary in their abil¬ 
ity to execute short cuts correctly. On any particular short cut 
trial, some rats will make many errors, some no errors. This means 
that when we lump the results of a group of rats, as we do here, 
(1) the good performances of able rats are obscured, and (2) the 
performances of the poorest rats determine disproportionately the 
performance of the group, since able rats can do no better, whereas 
the error scores of the poor rats are limited only by the number 
of blinds. Thus the performance on any short cut is largely the 
performance of the poorest rats. The remedy for this would be 
consideration of individual scores, individual error curves, etc., 
but the great practical difficulties of this procedure outweigh its 
advantages. 

Finally, we must note the performance on the “put on” run that 
corresponds to short cut 1-8 by a long diagonal (fig. 5). This type 
of run, as explained under Experiment I, began at the point where 
the short cut path of the corresponding short cut ended, in this 
run at the point where the diagonal path joined unit VIII. The 
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rats were placed by hand on unit VIII at this point. A block was 
used to prevent their running toward corner 1. The very high score 
on this run—32 errors above the highest short cut score—indicates 
that the rats were considerably more confused on the “put on” run 
than on the corresponding short cut run, even though the perform¬ 
ance on the short cut run was not good enough, to come within our 
criterion. It will be recalled from Experiment 1 that the run from 
the starting platform to the short cut path and the running of the 
path were found necessary for accurate performance in the maze 
beyond the short cut path. This finding was confirmed by all the 
“put on” runs of the present experiment. 

We may now consider the seven remaining short cuts in the 
order given. Three trials on short cut 8 15* by a long diagonal (B 
in fig. 3) were given, on days 48, 55, and 70, and for t wo t rials the 
scores were higher than the highest normal pattern score (fig. (>). 
Table 3 shows that 31 errors (70 per cent) of the total *15 errors 
were made in blind 10. The high score on the* eorresponding “put 
on” run indicated that confusion was loss, or fewer rats were con¬ 
fused, on the short cut run than on th< x “put <m ” rum 

Short cut 1 15 from the middle of unit I (0) had four trials, on 
days 40, 57, 70 and 00 (fig. 7), and all the scores were too high. Of 
a total of 112 errors, 07 (00 per cent) were made in blind 10 (table 
5). The corresponding “put on” run had a score of 38 errors, only 
0 errors above the highest short cut score. 

The next short cut was 18, at right angles (/>); five trials were 
given, on days 51, 58, 72, 81, and 01 (fig. H). The error curve for 
this short cut shows all five scores well within the criterion. This 
was surprising, since the part, of the maze run through after this 
short cut is exactly the same as that run through in short cut 1-8 

by a long diagonal, except that in short cut 1.8 at right angles 

there an* longer runs on anils / and VIII. It will be recalled that 
short cut 1 8 by a long diagonal was never correctly executed (fig. 
5). Why this difference ? Before considering possible explanations, 
let us sec* what occurred on short cut 8 15 at right angles and com¬ 
pare the performance on this short cut with that on short cut 8-15 
by a long diagonal. 
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Fig. 7. Error curve for short cut 1-15 from the middle of unit I and from unit I extended. 



Honzik: Maze Learning in Bats 




Days 

Fig. 9, Error curve for short cut 8-15 at right angles. 
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Short cut 8-15 at right angles (E) was tried three times, on 
days 53, 60, and 72 (fig. 9). Again we find all the scores within the 
criterion. (The “put on” score was very high.) The only difference 
between this short cut and 8-15 by a long diagonal is that there are 
longer runs on units VIII and XV. (It cannot be said that the 
right-angled short cuts were correctly performed because they 
came later in training when the rats were more familiar with the 
maze, for, if this were so, the still later, that is, the third, fourth, 
and fifth trials of the long-diagonal short cuts should have been 
correctly executed, but they were not—figs. 5 and 6.) It thus ap¬ 
peared that the differences in performance between short cut 1-8 
by a long diagonal and short cut 1-8 at right angles, and between 
short cut 8-15 by a long diagonal and short cut 8-15 at right angles 
were due to the longer runs on units I, VIII, and XV in the right- 
angled short cuts. In searching for some reason why these longer 
runs should cause such obvious differences in performance, it 
occurred to the writer that the long-diagonal short cuts consider¬ 
ably distort the rectangularity of the general maze pattern. A 
glance at the diagram of the maze (fig. 3) will show that short cut 
1-8 by a long diagonal (A) gives the maze a roughly triangular 
shape. So also does short cut 8-15 by a long diagonal (B ). This dis¬ 
tortion of the spatial relations of the long paths in the maze, it 
seemed, brought about the incorrect performances on the long- 
diagonal short cuts. 

We sought to test this hypothesis in the following ways. A 
shorter diagonal from unit I to unit VIII, it was reasoned, would 
not greatly distort the rectangularity of the maze, since the normal 
runs on units I and VIII would not be greatly shortened. Such a 
short cut would obviously approach short cut 1-8 at right angles 
in its preservation of the rectangular shape of the maze. For this 
short cut the units in corner 1 had to be removed to make room for 
the short diagonal, but otherwise the usual short cut procedure 
was followed. Two trials were given, on days 62 and 75 (fig. 5). 
For both trials the scores were within the criterion; inspection of 
the curve in figure 5 reveals the unmistakable difference in per¬ 
formance on this short cut and the short cut by the long diagonal. 
Performance thus checked with our theory. 
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TABLE 5 


Short cut 1-8 by a long diagonal (A) 


Blinds* 

6 

7 

8 

9 

10 

11 

12 

Totals 

Number of 
rats making 
errors 

Trial 1 

Errors 

15 

1 

5 

18 

3 

4 


46 

22 

Trial 2 


19 

1 

7 

16 

4 



47 

22 

Trial 3 


11 

1 

4 

9 

4 

1 

1 

31 

15 

Trial 4 


14 

1 

3 

14 

2 

1 


35 

19 

Trial 5 


13 

1 

4 

12 

1 

2 

1 

34 

16 


Totals 

B 



69 

14 

8 

2 

193 



Short out 8-15 by a long diagonal (B) 


Blinds 

10 

ll 

12 

13 

.... 

.... 

.... 



Trial 1 


Errors 

13 

4 

2 

1 




20 

16 

Trial 2 
Trial 3 



8 

3 


1 




12 

11 



10 

1 

1 

1 




13 

11 



Totals 

.31 

8 

3 

3 



.... 

45 

.... 


Short cut 1-15 from mid unit I (C) 


Blinds 

10 

11 

12 

is 

14 

.... 

.... 



B— 

Errors 

18 

4 

6 

3 




31 

21 

HiiM 


19 

2 

1 



.... 


22 

19 

W 


12 

7 

1 

"7 




27 

19 

IH 


n 

3 

7 

1 

3 



32 

23 

wm 

RSBSjl 

jg 

16 

15 

11 

3 
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Short cut 1-8 at right angles (/>) 


Blinds 

6 

7 

8 

9 

10 

ll 

.... 



Trial 1 

Errors 

8 


3 

14 

2 



27 

10 

Trial 2 
Trial 3 


6 


3 

10 

3 


.... 

22 

14 


4 


2 

10 

2 

2 


20 

10 

Trial 4 


3 

’*1 

3 1 

6 

2 

4 


19 

9 

Trial 5 


9 


2 

11 

1 

3 


20 

14 


Totals 

'30 

1 

13 

51 

10 

9 
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♦BMnda containing no error*, for example, blinds 13 and 14, arc not indicated in the table. 
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TABLE 5 —( Concluded ) 


Short cut 8-15 at right angles ( E) 



Blinds 

6 

7 

8 

9 

10 

ll 

.... 



Trial 1 

Errors 

6 


4 

10 

4 



24 

12 

Trial 2 


5 


2 

8 

1 

2 


18 

11 


Totals 

11 


6 

18 

5 

2 


42 



Short cut 8-15 by a short diagonal ( G ) 


Blinds 

10 

ll 

12 

.... 

.... 

.... 

.... 



Trial 1 
Trial 2 

Errors 

6 

5 


1 



.... 


6 

6 

6 

6 

Totals 

11 

.... 

1 


.... 



12 



Short cut 1-15 from unit I extended (H) 














1933] 


Honzik: Maze Learning in Bats 


137 


Similarly, short cut 8-15 by a short diagonal (G) was next tried, 
on days 62 and 76. Again both scores were within the criterion, 
offering further confirmation of our explanation. 

It will be noticed that short cut 1-15 from the middle of unit I 
( C) also distorts the rectangular shape of the maze by greatly de¬ 
creasing the height of the rectangle. Performance on this short cut, 
it will be recalled, was poor. The same short cut, made however 
from unit I (extended) to the end of unit XY, would not greatly 
distort the rectangle and a run through it should be executed with¬ 
in the limits of our criterion. Such a short cut (H) was given three 
times, on days 65, 78, and 100 (fig. 7). All three scores were below 
the highest normal pattern score. Again the results were in har¬ 
mony with our theory. 

Finally, the following check was made. It was reasoned that if 
it was the shortness of the runs on unit I and unit VIII (as in short 
cut 1-8 by a long diagonal), and not merely the length of the diago¬ 
nal, that caused distortion of the maze (and consequently poor 
performance), then a run through a short cut with a long diagonal 
that nevertheless preserved the normal length of runs on units I 
and VIII should be executed correctly. Such a short cut was offered 
by moving unit I four and one-half feet to the right, keeping it 
pointed in its normal direction. Then a long diagonal was placed 
from unit I in its new position to the right end of unit VIII. The 
units of corner I were removed. (We designate this “short cut I,” 
though it does not appear in fig. 3.) One trial on this short cut was 
given, on day 90 (fig. 5). The score was definitely within the cri¬ 
terion. The same sort of short cut should have been tried on the 
other side of the maze, namely, from unit VIII to the end of unit 
XV by a long diagonal, but unfortunately the spatial limitations 
of the room prevented this. 

When we ask why distortion of the rectangularity of the maze- 
shape should cause poor performance on the short cuts that pro¬ 
duced the greatest distortion, the answer, in the light of the inter¬ 
pretation on pages 26 and 27, would seem to be that such maze- 
shape distortion is also a disturbance of stimulus patterns. Thus 
short cut 1-8 by a long diagonal (A) disturbs the stimulus pattern 
(1) because it truncates the integrated group of stimuli (tactual, 
olfactory, and kinaesthetic) that are normally received on units I 
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and VIII, and (2) because the angular turn from unit I to the 
short cut path is considerably less than a right angle, that is, the 
deviation from the straight course on unit I is very slight. This 
latter circumstance, we may say, has the effect of confusing the 
stimulus group of the short cut path with that of unit I. If one 
were to express this in mentalistic terms one would say that the 
rats were misled into “thinking” they were on unit I when actually 
they had turned into the short cut path. 

The same considerations hold for short cut 8-15 by a long diag¬ 
onal (B ). Here also we have a shortening of the stimulus group of 
units VIII and XV, and the slight, confusing turn from the 
straight course on unit VIII. Short cut 1-15 from middle of unit I 
(C) has no confusing turn from the normal path, the short cut 
path being at right angles to unit I, but the considerable shorten¬ 
ing of the stimulus groups of units I and XV is clearly apparent. 

But to make our hypothesis of stimulus-pattern disruption ade¬ 
quately explanatory, certain other factors must be taken into con¬ 
sideration. The five different short cuts that were made either by 
short diagonals (F and G), or at right angles (D and E), or from 
the end of unit V extended (H ), were executed within the criterion. 
But all these short cuts cut out one or two groups of short runs and 
turns, that is, the blind arrangements in corners 1 and 2, and this 
also must be considered disruption of stimulus patterns. Yet these 
short cuts were correctly performed. We seem forced to assume 
either that the excision of one or two blind arrangements is a stim¬ 
ulus-pattern disruption of a minor sort, that is, incapable of dis¬ 
turbing the total response, or that a particularly important inte¬ 
gration of stimulus groups was formed between the stimulus 
groups of unit I and unit VIII, and between those of unit VIII 
and unit XV. Whatever assumption we make, the actual results on 
the short cut trials demonstrated that the running of the entire 
lengths, or at the minimum the greater part of the entire lengths, 
of two sides of the maze was necessary for accurate short cut per¬ 
formance. The running through of blind arrangements in the cor¬ 
ners was not necessary. But this capacity of adequate response 
with variation (within limits) of the stimulus pattern has been 
demonstrated heretofore. This demonstration, in the writer’s opin¬ 
ion, is for psychology one of the most significant results of Lash- 
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ley’s investigations. The evidence is conclusive that, on the one 
hand, responses may be independent of the particular sensory cells 
stimulated and of specific stimuli, and, on the other hand, that 
habits acquired do not necessarily utilize patterns identical with 
those employed during the process of learning. 

Correct performance on short cut trials such as we observed in 
our rats would, in human beings, be attributed by all except the 
extreme behaviorists to a function which we should certainly desig¬ 
nate as mental. We should say that in human beings the ability to 
perform short cuts correctly would be dependent on some such 
mental function as the apprehension of the spatial relations of the 
various parts of the maze, or we may say, more broadly, that such 
behavior is intelligent, as opposed to behavior rigidly associated 
with specific stimuli and inadequate when specific stimuli or small 
groups of stimuli are disturbed or excluded. The capacity to re¬ 
spond adequately with the changing (within limts) of the stimu¬ 
lus pattern and even with the exclusion of groups of stimuli is of 
the essence of intelligent behavior. Such behavior is in general de¬ 
scribed in its mental aspect as dependent on the grasping of rela¬ 
tions; in our experiment, spatial relations. 

The results of the “put on” runs can be interpreted in terms of 
the foregoing theory of intelligent behavior, and that such an in¬ 
terpretation is possible tends to corroborate the theory. A glance 
at the error curves of figures 5 to 9 will show that the error score 
of the “put on” run invariably exceeded by a significant amount 
the error score of the coresponding short cut run, even where the 
short cut scores were too high to come within the criterion. It will 
be recalled that in the maze of Experiment I as well as in the pres¬ 
ent maze, the run from the starting platform to and over the short 
cut path was found essential for correct performance in the rest 
of the maze. The fact that even the short cut trials poorly executed 
had fewer errors than the corresponding “put on” runs points to 
the importance of the run from the start to the short cut path. 
Why was this run essential? A great disruption of the stimulus 
pattern, or considerable shortening of stimulus groups, we have 
seen, disturbs behavior. In the “put on” runs large stimulus groups 
were completely left out; the pattern of stimulation, though capa¬ 
ble of considerable variation yet calling forth adequate response, 
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was here too greatly distorted or, more precisely, truncated by the 
exclusion of a large first part of the stimulus pattern. We may ex¬ 
press the matter in mental terms by saying that the rats, in order 
to be able to use their knowledge of spatial relations, must be 
offered the elements that are to be related, that is, they must run 
over the element (part of the maze up to the short cut) that is to 
be related to another element (part of the maze beyond the short 
cut). Only when the two parts are thus offered can the rats per¬ 
form correctly. And when the parts are offered they must, we have 
seen, be presented in such a way that large stimulus groups are not 
cut out, or, to express it in mental terms, the parts must be pre¬ 
sented in such a way that their spatial relations are not obscured 
by the spatial and physical features of the short cut path. 

One other point concerning “put on” runs should be considered. 
It will be recalled that in the maze of Experiment I, performance 
on a certain “put on” run suggested the possibility that the long 
run over unit XVIII plus the two forced turns at the ends of unit 
XIX may have acted as a kinaesthetic cue for the good perform¬ 
ance beyond unit XIX. But this possibility was not borne out by 
other performances. Regarding the present maze, it may be asked 
whether, in the “put on” run that began at the left end of unit 
VIII (“put on” run corresponding to short cut 1-8 by a long diag¬ 
onal), the encountering of corner 2 may not have presented kin- 
aesthetic cues that re-aroused the kinaesthetic pattern and thus 
caused good performance in the succeeding (third) corner. Inspec¬ 
tion of the data sheets reveals that this was not so; errors in corner 
3 for this “put on” run numbered 17, whereas for the various trials 
of the corresponding short cut 1-8 by a long diagonal they varied 
from 4 to 7. We may conclude that the encountering of corner 2 
from the left end of unit VIII did not produce good performance 
in comer 3; in other words, that no adequate kinaesthetic cues 
were presented. Whether the traversing of both corners 1 and 2, 
beginning at the upper end of unit I, would give good performance 
in corner 3 is a further question, but a “put on” run from this 
point was not tried because it did not correspond to any short cut. 
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DtKClWION 

Our conclusions art* that rats can learn to run with a fair degree 
of accuracy a masse of average difficulty in the absence of specific 
intra- and extra-maze stimuli, that the accurate running eunnot 
be due solely to the formation of a kinaexthetie sentience of move¬ 
ments, and that, in view of these facts, we may posit in rats a eajme ■ 
ity, which may bo called mental, of apprehending the spatial relit 
tions of the major parts of the maze. < hi the strictly behavioral side 
we have described the short cut performance of the rats as the 
capacity to respond correctly with limited modification of tie* stim 
ulus pattern that is the basis of the response, This capacity, we have 
suggested, is the distinguishing characteristic of intelligent be 
havior. and may he described in mentalistie terms as the appre 
hension of relations of whatever sort. 

Although the eonelusious just stated are drawn from results on 
amaze in which the units were continually shifted about ami from 
results on special kinds of runs, that is, short cut and "put on" 
runs, we would also assert the presence in rats of a capacity to 
apprehend spatial relations even in mazes whieh are Slept constant 
in all respects, Indeed, such a capacity should have been guessed 
by experimenters long before this From results on many different 
mazes, hashley"" had postulated such im ability in rats in 1 : 

“There is clear evidence that the animals acquire some general on 
ontation in addition to the habits of making particular turns and 
at present this orientation can only be described a i an ub dr.otoni* 
of a general direction from the diverse direef huts of the sneeevdve 
alleys," The fact, observed by various investigators, that blinds 
pointing in the general direction of the food are most difficult to 
eliminate in the learning process, points to the same sort of ah 
Rtraetion of general direction from divers** directions, Itebavmr in 
which such an abstract ion is manifest surely cannot be rigid »• 
Bporme to speeifle stimuli; there are apparent in such behavior for 
ward-pointingmwi ami anticipation that imply mental functions, 
The disproportionately large number of entrances info food point 
ing blinda"" indicates response to a general stimulus pattern but 
with unfortunate minor react ions as to detail, 

* Italic* our*. 
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When, after a thirteen-day period during which the maze was 
kept constant the units were suddenly interchanged, the result 
was a complete disruption of the maze habit. This pointed to the 
great importance of intra-maze tactual and possibly olfactory 
stimuli (extra-maze auditory and olfactory stimuli were found by 
rotation of the maze to play no significant role). But there is evi¬ 
dence from our experiment and from Lash ley's investigations that 
reactions were made not to individual specific st imuli but rather to 
groups of stimuli, and, on a higher level, to patterns of groups of 
stimuli. We have reason to believe that tactual, olfactory, and kin- 
aesthetic stimuli had become integrated into stimulus groups and 
these groups in turn into wider stimulus patterns. Response was 
to patterns of excitation, not to specific stimuli. Performance on 
short cut trials showed that within limits the pattern of excitation 
could be changed yet call forth adecpiate response. The changing 
of tactual and olfactory stimuli throughout the maze, however, 
disrupted stimulus groups too greatly. Tactual and olfactory stim¬ 
uli that had been associated with kinaesthetie stimuli wore changed 
when units were shiftedthe kinaesthetie stimuli alone, were unable 
to guide response correctly, and this because response had not been 
to kinaesthetie, stimuli alone but to groups of which these kinaes- 
thetic stimuli were parts. 

With regular unit-shifting on alternate runs the error curves 
show a slow and jagged but nevertheless steady descent (fig. 4). 
The extreme slowness of the curves' descent, contrasts strongly 
with the precipitous drop when the maze was constant. The stabil¬ 
ity of intra-maze tactual and olfactory stimuli was undoubtedly 
essential to rapid learning. The lack of stability prevented the 
formation of the stimulus groups and patterns that we postulate as 
the basis of response. With constant unit-shifting, integrations had 
presumably to be made among kinaest hetie stimuli only, and under 
such circumstances learning was retarded. This suggests that in 
general the exclusion (or rendering inoperative) of stimuli of one 
or more sense modalities has the effect of retarding the learning 
process. Tryon, m on other evidence obtained with normal rats in 
an alley maze, has come to this conclusion. However, comparisons 
of the rates of learning of normal, blind, and anosmia rats do not 
in general support this. 
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SUMMARY 

We may summarize for both experiments as follows: 

1. The maze performance of blind rats that had learned an un- 
elian 0 'ed maze was greatly disturbed when the parts of the maze 
Were interchanged, the pattern of the maze, however, remaining 
the same. 

2. With constant and regular interchanging of maze parts, re¬ 
learning of the maze was greatly retarded, but learning was never- 
tlieless evident. 

3. There was evidence from Experiment I that interchanging of 
maze parts from the very beginning of training would also have 
retarded learning. 

4. Results, in terms of error scores, when the maze was rotated 
and food and food box removed, strongly indicated that extra¬ 
maze auditory and olfactory stimuli played no significant role. 

5. From the above evidence it was concluded that for blind rats 
intra-maze stimuli are important factors in maze learning, but 
-that response was to integrated groups of stimuli rather than to 
individual specific stimuli. The question whether disturbance of 
maze performance following unit-shifting was due to distraction 
or to disturbance of stimuli that had become directive, was found 
-to be irrelevant. 

6. Results on different short cuts demonstrated that the rats 
■were not running the maze in a purely kinaesthetic manner. 

7. Because kinaesthetic running was thus disproved, and beeanse 
extra-maze stimuli were found to have no influence while depend¬ 
ence on specific intra-maze stimuli was made impossible by con¬ 
stant unit-shifting, it was suggested that correct short cut per¬ 
formance could be attributed to a capacity of apprehending spatial 
relations. But in strictly behavioral terms correct short cut per¬ 
formance may be described as a capacity to respond adequately to 
a variable stimulus-pattern. 

8. Differences in performance between the long-diagonal shor„ 
cuts and the other short cuts, and the performance on put on 
runs, indicated the extent to which the stimulus pattern conld be 
changed and yet produce correct response. 
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9. Finally, it was suggested tliat the distinguishing character¬ 
istic of intelligence is just this capacity, demonstrated in rats, of 
behaving efficiently in spite of a changing pattern of stimulation. 
Such behavior, viewed mentalistically, is commonly attributed to 
a mental function, namely, the apprehension of relations. 
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